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Figure 1 

Ago2 cleavage sites 
aligned 

1 

DsiRNA 25 / 27mer 5 ' - UCUUCUUCUCCCCAGUGAGCAUCGC - 3 ' SEQ ID NO : 609 
3 ' - AUAGAAGAAGAGGGGUCACUCGUAGCG - 5 ' SEQ ID NO : 213 

siRNA 21mer 5 ' -UCUUCUUC?CCCCAGUGAGCA - 3 ' 1 
3 ' - AUAGAAGAAGAGGGGUCACUC - 5 ' 

SEQ ID NO : 3323 
SEQ ID NO : 3322 

1 
I 

DsiRNA 27/27 5 ' - UAUCUUCUUC?CCCCAGUGAGCAUCGC - 3 ' SEQ ID NO : 1005 
Blunt / Blunt 3 ' - AUAGAAGAAGAGGGGUCACUCGUAGCG - 5 ' SEQ ID NO : 213 

siRNA 21mer 5 ' - UAUCUUCUUCUCCCCAGUGAG - 3 ' SEQ ID NO : 807 
Blunt - Blunt 3 ' - AUAGAAGAAGAGGGGUCACUC - 5 ' SEQ ID NO : 3322 

| 

DsiRNA 27/27 5 ' - UAUCUUCUUC?CCCCAGUGAGCAUCAA - 3 ' SEQ ID NO : 3324 5 ' 3 
Blunt Fray - R 3 -AUAGAAGAAGAGGGGUCACUCGUAGCG - 5 ' SEQ ID NO : 213 ' 
siRNA 21mer 5 ' - UAUCUUCUUCUCCCCAGUGCA - 3 ' SEQ ID NO : 3325 
BluntFray - R 3 ' - AUAGAAGAAGAGGGGUCACUC - 5 ' 3 - SEQ ID NO : 3322 
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Figure 2A 

A1AT Knockdown in Huh7 Cells , Normalized to Hs HPRT 517-591 ( FAM ) 
and Hs SFR $ 9 594-690 ( HEX ) vs M107 - M49 | NC1 Control , M107 - M49 | NC5 Control , 

M107 - M49 | NC7 Control 
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Figure 2B 

A1AT Knockdown in Huh7 Cells , Normalized to HS HPRT 517-591 ( FAM ) 
and Hs SFR $ 9 594-690 ( HEX ) vs M107 - M49 | NC1 Control , M107 - M49 | NC5 Control , 

M107 - M49 NC7 Control 
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Figure 2C 

A1AT Knockdown in AML12 Cells , Normalized to Mm HPRT 576-664 ( HEX ) 
and Mm RPL23 139-249 ( FAM ) vs M107 - M49 | NC1 Control , M107 - M49 | NC5 Control , 

M107 - M49 | NC7 Control 
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Figure 2D 

ALAT Knockdown in AML12 Cells , Normalized to Mm HPRT 576-664 ( HEX ) 
and Mm RPL23 139-249 ( FAM ) vs M107 - M49 ] NC1 Control , M107 - M49 | NC5 Control , 

M107 - M49 | NC7 Control 
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Figure 3A 
Human a - 1 antitrypsia mRNA Knockdown - Human ( Huh7 ) Cells - Phase 2 

Normalized to #S #PRT ( 517-591 , FAM ) and Hs SFRS9 ( 594-690 , HEX ) ; vs NCI , NCS , NC7 Key : OP1 , P2 at India HS ) ] P1,22 Assay 
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Figure 3B 
Human a - 1 antitrypsin mRNA Knockdown - Human ( Huhy ) Cells - Phase 2 

Normalized to His HPRT ( 517-591 , FAM ) and Hs SFR $ 9 ( 594-690 , HEX ) ; vs NCI , NCS , NC7 Assay 
*** Key : P1 , P2 at Tri 
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Figure 3C 
Assay 

Human a - 1 antitrypsin mRNA Knockdown - Human ( Huh ) Cells - Phase 2 
Normalized to HS HPRT ( 517-591 , FAMA ) and Ms SFR $ 9 ( 594-690 , HEX ) ; vs NCI , NCS , NC7 Key : [ ] P1 , P2 at 1984 Hs , VS ???????? 

P2 at 0.tn 
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Figure 3D 
Human a - 1 antitrypsin mRNA Knockdown - Hunian ( Huh7 ) Cells - Phase 2 

Normalized to His HPRT ( 517-591 , FAM and Ms SFR $ 9 ( 594-690 , HEX } ; vs NCI , NCS , NC7 Assay 

Key : OP1 , P2 at iniha -- 
P2 40.1 

? P2 at 0.03 nM 
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Figure 3E 
Key : P1 , P2 af 1nM 

Assay w Mouse 0-1 antitrypsin mRNA Knockdown - Mouse ( AML12 Cells - Phase 2 
Normalized to Mm HPRT ( 576-604 , HEX ) and Mm RPL23 ( 139-249 , FAMI ; VS NCS , NC7 P2 at 0.16M 

P2 at 0.03 M 

Mma - 1 antitrypsin 
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Nm 0-1 antitrypsin 
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Figure 3F 
Key : 21,72 at the Assay Mouse 0-1 antitrypsin mRNA Knockdown - Mouse ( AML12 ) Celis - Phase 2 

Normalized to Mm HPRT ( 576-614 , HEXI and Mm RPL23 ( 139-249 , FAMI ; VS NCS , NC7 Plat 0.1nM 

P2 al 0.03 M 
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Figure 3G 
Key : P1 , P2 at inde ? 

Assay Mouse a - 1 antitrypsin mRNA Knockdown - Mouse ( AMLI2 ) Cells - Phase 2 
Normalized to Mm HPRT ( 576-604 , HEX ) and Mm RPL13 ( 139-249 , FAM ) ; VS NCS , NC7 Bin ? 
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Figure 3H 
Key : P1 , P2 af 1nM ] Assay w Mouse 0-1 antitrypsin mRNA Knockdown - Mouse ( AML12 Cells - Phase 2 

Normalized to Mm HPRT ( 576-604 , HEX ) and Mm RPL23 ( 139-249 , FAMI ; VS NCS , NC7 P2 at 0.16M 

P2 at 0.03 M 
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Figure 4A 

Modification Patterns , Phase 3 screen 

O - ON ONA | -Ago2 skle - Dicer sile 

5 

$ 

5 1 
II * 5 Antisense 



U.S. Patent Oct. 4 , 2022 Sheet 15 of 29 US 11,459,566 B1 

Figure 4B 
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Human a - 1 antitrypsin de win . 

Human ( Huny ) Cells - Phase 3 Screen - 3 Screen 
Normalized to HS HPRT 517-591 ( FAM ) and Hs SFR $ 9 594-690 ( HEX ) ; vs NC1 , NCS , NC7 Control 

Assay : Hs a - 1 antitrypsin 462-563 ( FAM ) 
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Figure 4D 
Human 0-1 antitrypsin Knockdown - Human ( Huh7 ) Cells - Phase 3 Screen 

Normalized to Hs HPRT 517-591 ( FAM ) and Hs SFRS9 594-690 ( HEX ) ; vs NC1 , NCS , NC7 Control 
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Figure 4E 
Human o - 1 antitrypsin Knockdown - Human ( Huh7 ) Cells - Phase 3 Screen 

Nomalized to HS HPRT 517-591 ( FAM ) and Hs SFRS9 594-690 ( HEX ) ; VS NC1 , NCS , NC7 Control 

Assay : Hs 0-1 antitrypsin 462-563 ( FAM ) 
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Figure 4F 
Human a - 1 antitrypsin Knockdown - Human ( Huh7 ) Cells - Phase 3 Screen 

Nomalized to HS HPRT 517-591 ( FAM ) and Hs SFRS9 594-690 ( HEX ) ; VS NC1 , NCS , NC7 Control 

Assay : Hs 0-1 antitrypsin 462-563 ( FAM ) 
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Figure 5A 

Modification Patterns , Phase 4 
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Figure 5B 

Modification Patterns , Phase 4 

= -2 0-4 = RMA = Agroz site | = Dxer site 

* ? 1 
5 3 Sarea HHH 3 

* * ) LLLL v 

S HI I 
3 

5 II *** 



U.S. Patent Oct. 4. 2022 Sheet 22 of 29 US 11,459,566 B1 

Figure 5C 

Modification Patterns , Phase 4 
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Figure 5D 

Modification Patterns , Phase 4 
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Figure 5E 
Human a - 1 antitrypsin Knockdown - Human ( Huh7 ) Cells - Phase 4 Screen 

Normalized to HS HPRT 517-591 ( FAM ) and Hs SFR $ 9 594-690 ( HEX ) ; VS NC1 , NCS , NC7 Control 

Assay : Hs 0-1 antitrypsin 462-563 ( FAM ) 
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Figure 5F 
Human a - 1 antitrypsin Knockdown - Human ( Hun7 ) Cells - Phase 4 Screen 

Normalized to HS HPRT 517-591 ( FAM ) and Hs SFRS ! 594-690 ( HEX ) ; VS NC1 , NCS , NC7 Control 
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Figure 5G 
Human a - 1 antitrypsin Knockdown - Human ( Huh7 ) Cells - Phase 4 Screen 

Normalized to HS HPRT 517-591 ( FAM ) and Hs SFRS9 594-690 ( HEX ) ; VS NC1 , NC5 , NC7 Control 

Assay : Hs Q - 1 antitrypsin 462-563 ( FAM ) 
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Figure 5H 
Human a - 1 antitrypsin Knockdown - Human ( Huh7 ) Cells - Phase 4 Screen 

Nomalized to Hs HPRT 517-591 ( FAM ) and Hs SFRS9 594-690 ( HEX ) ; vs NC1 , NC5 , NC7 Control 
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METHODS AND COMPOSITIONS FOR THE pp . 3-19 ) . In the absence of AAT , neutrophil elastase is free 
SPECIFIC INHIBITION OF ALPHA - 1 to break down elastin , which contributes to the elasticity of 

ANTITRYPSIN BY DOUBLE - STRANDED the lungs , resulting in respiratory complications such as 
RNA emphysema , or COPD ( chronic obstructive pulmonary dis 

5 ease ) in adults and cirrhosis in adults or children . Individuals 
RELATED APPLICATIONS with mutations in one or both copies of the AAT gene can 

suffer from alpha - 1 anti - trypsin deficiency , which presents 
The present application is a continuation of U.S. appli as a risk of developing pulmonary emphysema or chronic 

cation Ser . No. 16 / 918,205 , filed Jul . 1 , 2020 , which is a liver disease due to greater than normal elastase activity in 
divisional of U.S. application Ser . No. 16 / 457,394 , filed Jun . 10 the lungs and liver . 
28 , 2019 , which issued as U.S. Pat . No. 10,844,381 on Nov. In affected individuals , the deficiency in alpha - 1 antit 
24 , 2020 , which is a divisional of U.S. patent application rypsin is a deficiency of wildtype , functional alpha - 1 anti 
Ser . No. 15 / 247,201 , filed on Aug. 25 , 2016 , which issued as trypsin . However , in some cases that are relevant to the 
U.S. Pat . No. 10,370,655 on Aug. 6 , 2019 , which is a current invention , the individual is producing significant 
divisional of U.S. patent application Ser . No. 14 / 323,299 , 15 quantities of alpha - 1 antitrypsin , but a proportion of the 
filed on Jul . 3 , 2014 , which issued as U.S. Pat . No. 9,458,457 alpha - 1 antitrypsin protein being produced is misfolded or 
on Oct. 4 , 2016 , which claims priority to , and the benefit contains mutations that compromise the functioning of the 
under 35 U.S.C. $ 119 ( e ) of the following applications : U.S. protein . In some cases , the individual is producing misfolded 
provisional patent application No. 61 / 842,551 , entitled proteins which cannot be properly transported from the site 
“ Methods and Compositions for the Specific Inhibition of 20 of synthesis to the site of action within the body . 
Alpha - 1 Antitrypsin by Double - Stranded RNA , ” filed Jul . 3 , Liver disease resulting from alpha - 1 antitrypsin defi 
2013 ; and U.S. provisional patent application No. 61/891 , ciency can be caused by such misfolded proteins . Mutant 
548 , entitled “ Methods and Compositions for the Specific forms of alpha - 1 antitypsin ( e.g. , the common PiZ variant , 
Inhibition of Alpha - 1 Antitrypsin by Double - Stranded which harbors a glutamate to lysine mutation at position 342 
RNA , ” filed Oct. 16 , 2013. The entire contents of the 25 ( position 366 in pre - processed form ) ) are produced in liver 
aforementioned patent applications are incorporated herein cells ( hepatocytes in the liver commonly produce a large 
by this reference . amount of circulating AAT ) , and in the misfolded configu 

ration , such forms are not readily transported out of the cells . 
SEQUENCE SUBMISSION This leads to a buildup of misfolded protein in the liver cells 

30 ( hepatocytes , where those with the largest burden of mutant 
The present application is being filed along with a Z protein can suffer a cascade of intracellular damage that 

Sequence Listing in electronic format . The Sequence Listing ultimately results in apoptosis ; this chronic cycle of hepa 
is entitled Sequence Listing.txt , was created on Jul . 28 , tocellular apoptosis and regeneration can lead to fibrosis and 
2021 , and is 689 kb in size . The information in the electronic organ injury ) and can cause one or more diseases or disor 
format of the Sequence Listing is part of the present appli- 35 ders of the liver including , but not limited to , chronic liver 
cation and is incorporated herein by reference in its entirety . disease , liver inflammation , cirrhosis , liver fibrosis , and / or 

hepatocellular carcinoma . 
FIELD OF THE INVENTION There are currently few options for treating patients with 

liver disease associated with alpha - 1 antitrypsin deficiency , 
The present invention relates to compounds , composi- 40 and such options include hepatitis vaccination , supportive 

tions , and methods for the study , diagnosis , and treatment of care , and avoidance of injurious agents ( e.g. , alcohol and 
traits , diseases and conditions that respond to the modulation NSAIDs ) , none of which provide a targeted therapy . 
of a - 1 antitrypsin gene expression and / or activity . Replacement of alpha - 1 antitrypsin has no impact on liver 

disease in these patients but liver transplantation can be 
Sequence Submission 45 effective . 

Double - stranded RNA ( dsRNA ) agents possessing strand 
The present application is being filed along with a lengths of 25 to 35 nucleotides have been described as 

Sequence Listing in electronic format . The Sequence Listing effective inhibitors of target gene expression in mammalian 
is entitled “ 301937_94007_seq_listing_1JUL2014 ” , was cells ( Rossi et al . , U.S. Patent Application Nos . 2005 / 
created on Jul . 1 , 2014 , and is 692 kb in size . The informa- 50 0244858 and US 2005/0277610 ) . dsRNA agents of such 
tion in the electronic format of the Sequence Listing is part length are believed to be processed by the Dicer enzyme of 
of the present application and is incorporated herein by the RNA interference ( RNAi ) pathway , leading such agents 
reference in its entirety . to be termed “ Dicer substrate siRNA ” ( “ DsiRNA ” ) agents . 

Additional modified structures of DsiRNA agents were 
BACKGROUND OF THE INVENTION 55 previously described ( Rossi et al . , U.S. Patent Application 

No. 2007/0265220 ) . Effective extended forms of Dicer 
Alpha 1 - antitrypsin ( AAT or Serpinal ) is a protease substrates have also recently been described ( Brown , U.S. 

inhibitor belonging to the serpin superfamily . It is generally Pat . No. 8,349,809 and US 2010/0173974 ) . 
known as serum trypsin inhibitor . Alpha 1 - antitrypsin is also Provided herein are improved nucleic acid agents that 
referred to as alpha - 1 proteinase inhibitor ( A1PI ) because it 60 target a - 1 antitrypsin . In particular , those targeting a - 1 
inhibits a wide variety of proteases ( Gettins PG . Chem Rev antitrypsin have been specifically exemplified . 
102 : 4751-804 ) . It protects tissues from enzymes of inflam 
matory cells , especially neutrophil elastase , and has a ref BRIEF SUMMARY OF THE INVENTION 
erence range in blood of 1.5-3.5 gram / liter , but multi - fold 
elevated levels can occur upon acute inflammation ( Kush- 65 The present invention is directed to nucleic acid compo 
ner , Mackiewicz . Acute - phase glycoproteins : molecular sitions that reduce expression of a - 1 antitrypsin . Such 
biology , biochemistry and clinical applications ( CRC Press ) . compositions contain nucleic acids such as double stranded 
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RNA ( “ dsRNA ” ) , and methods for preparing them . The 26-35 nucleotides in length and includes 1-5 single - stranded 
nucleic acids of the invention are capable of reducing the nucleotides at its 3 ' terminus , where the second oligonucle 
expression of a target a - 1 antitrypsin gene in a cell , either in otide strand is sufficiently complementary to a target a - 1 
vitro or in a mammalian subject . antitrypsin mRNA sequence of SEQ ID NOs : 991-1188 and 

In one aspect , the invention provides a nucleic acid having 5 1938-1968 along at least 19 nucleotides of the second 
an oligonucleotide strand of 15-35 nucleotides in length that oligonucleotide strand length to reduce a - 1 antitrypsin target 
is sufficiently complementary to a target a - l antitrypsin gene expression when the dsNA is introduced into a mam 
mRNA sequence of SEQ ID NOs : 991-1188 along at least 15 malian cell . 
nucleotides of the oligonucleotide strand length to reduce In another aspect , the invention provides a dsNA having 
a - 1 antitrypsin target mRNA expression when the nucleic 10 first and second nucleic acid strands and a duplex region of 
acid is introduced into a mammalian cell . at least 25 base pairs , where the first strand is 25-34 

In another aspect , the invention provides a nucleic acid nucleotides in length and the second strand of the dsNA is 
having an oligonucleotide strand of 19-35 nucleotides in 26-35 nucleotides in length and comprises 1-5 single 
length that is sufficiently complementary to a target a - 1 stranded nucleotides at its 3 ' terminus , where the 3 ' terminus 
antitrypsin mRNA sequence of SEQ ID NOs : 991-1188 15 of the first oligonucleotide strand and the 5 ' terminus of the 
along at least 19 nucleotides of the oligonucleotide strand second oligonucleotide strand form a blunt end , and the 
length to reduce a - 1 antitrypsin target mRNA expression second oligonucleotide strand is sufficiently complementary 
when the nucleic acid is introduced into a mammalian cell . to a target a - 1 antitrypsin sequence of SEQ ID NOs : 

In a further aspect , the invention provides a double 991-1188 and 1938-1968 along at least 19 nucleotides of the 
stranded nucleic acid ( dsNA ) having first and second nucleic 20 second oligonucleotide strand length to reduce a - 1 antit 
acid strands that include RNA , where the first strand is 15-35 rypsin mRNA expression when the dsNA is introduced into 
nucleotides in length and the second strand is 19-35 nucleo- a mammalian cell . 
tides in length and is sufficiently complementary to a target In an additional aspect , the invention provides a nucleic 
a - 1 antitrypsin mRNA sequence of SEQ ID NOs : 991-1188 acid possessing an oligonucleotide strand of 15-35 nucleo 
along at least 15 nucleotides of the second oligonucleotide 25 tides in length , where the oligonucleotide strand is hybrid 
strand length to reduce a - 1 antitrypsin target mRNA expres- izable to a target a - 1 antitrypsin mRNA sequence of SEQ ID 
sion when the dsNA is introduced into a mammalian cell . NOS : 991-1188 or 1938-1968 along at least 15 nucleotides 

In an additional aspect , the invention provides a dsNA of the oligonucleotide strand length . 
having first and second nucleic acid strands , where the first Another aspect of the invention provides a dsNA having 
strand is 15-35 nucleotides in length and the second strand 30 first and second nucleic acid strands that include RNA , 
of the dsNA is 19-35 nucleotides in length and is sufficiently where the first strand is 15-35 nucleotides in length and the 
complementary to a target a - 1 antitrypsin mRNA sequence second strand of the dsNA is 19-35 nucleotides in length , 
of SEQ ID NOs : 991-1188 along at least 19 nucleotides of where the second oligonucleotide strand is hybridizable 
the second oligonucleotide strand length to reduce a - 1 target a - 1 antitrypsin mRNA sequence of SEQ ID NOs : 
antitrypsin target mRNA expression when the dsNA is 35 991-1188 or 1938-1968 along at least 15 nucleotides of the 
introduced into a mammalian cell . second oligonucleotide strand length . 

In another aspect , the invention provides a dsNA having A further aspect of the invention provides an in vivo 
first and second nucleic acid strands , where the first strand hybridization complex within a cell that includes an exog 
is 15-35 nucleotides in length and the second strand of the enous nucleic acid sequence and a target alpha - 1 antitrypsin 
dsNA is 19-35 nucleotides in length and is sufficiently 40 mRNA sequence of SEQ ID NOs : 991-1188 or 1938-1968 . 
complementary to a target a - 1 antitrypsin mRNA sequence An additional aspect of the invention provides an in vitro 
of SEQ ID NOs : 991-1188 along at least 19 nucleotides of hybridization complex within a cell that includes an exog 
the second oligonucleotide strand length to reduce a - 1 enous nucleic acid sequence and a target alpha - 1 antitrypsin 
antitrypsin target mRNA expression , and where , starting mRNA sequence of SEQ ID NOs : 991-1188 or 1938-1968 . 
from the 5 ' end of the a - 1 antitrypsin mRNA sequence of 45 In one embodiment , the dsNA has a duplex region that is 
SEQ ID NOs : 991-1188 ( referred to as position 1 ) , mam- 19-21 base pairs , 21-25 base pairs or at least 25 base pairs 
malian Ago2 cleaves the mRNA at a site between positions in length 
9 and 10 of the sequence when the dsNA is introduced into In another embodiment , the second oligonucleotide strand 
a mammalian cell . includes 1-5 single - stranded nucleotides at its 3 ' terminus . 

In a further aspect , the invention provides a dsNA mol- 50 In an additional embodiment , the first strand is 25-35 
ecule that consists of ( a ) a sense region and an antisense nucleotides in length . Optionally , the second strand is 25-35 
region , where the sense region and the antisense region nucleotides in length . 
together form a duplex region consisting of 25-35 base pairs In another embodiment , the second oligonucleotide strand 
and the antisense region comprises a sequence that is the is complementary to target a - 1 antitrypsin cDNA sequence 
complement of a sequence of any one ( or more ) of SEQ ID 55 GenBank Accession No. NM_000295.4 along at most 27 
NOs : 991-1188 and 1938-1968 ; and ( b ) from zero to two 3 ' nucleotides of the second oligonucleotide strand length . 
overhang regions , where each overhang region is six or In one embodiment , the dsNA or hybridization complex 
fewer nucleotides in length , and where , starting from the 5 ' comprises a modified nucleotide . Optionally , the modified 
end of the a - 1 antitrypsin mRNA sequence of SEQ ID NOs : nucleotide residue is of the group consisting of 2 ' - O - methyl , 
991-1188 and 1938-1968 ( position 1 ) , mammalian Ago2 60 2 ' - methoxyethoxy , 2 ' - fluoro , 2 ' - allyl , 2 - O- [ 2 - methyl 
cleaves the mRNA at a site between positions 9 and 10 of the amino ) -2 - oxoethyl ] , 4 ' - thio , 4 ' - CH2 - O - 2 ' - bridge , 4 ' - ( CH2 ) 
sequence when the dsNA is introduced into a mammalian 2-0-2 - bridge , 2 - LNA , 2 ' - amino and 2 - O- ( N - methlycar 
cell . bamate ) 

In an additional aspect , the invention provides a dsNA In a further embodiment , starting from the first nucleotide 
having first and second nucleic acid strands and a duplex 65 ( position 1 ) at the 3 ' terminus of the first oligonucleotide 
region of at least 25 base pairs , where the first strand is 25-34 strand , position 1 , 2 or 3 is substituted with a modified 
nucleotides in length and the second strand of the dsNA is nucleotide . Optionally , the modified nucleotide residue of 
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the 3 ' terminus of the first strand is a deoxyribonucleotide , target a - 1 antitrypsin mRNA expression when assayed in 
an acyclonucleotide or a fluorescent molecule . In certain vitro in a mammalian cell at an effective concentration in the 
embodiments , position 1 of the 3 ' terminus of the first environment of a cell of 1 nanomolar or less . In certain 
oligonucleotide strand is a deoxyribonucleotide . embodiments , knockdown efficacy and / or potency is mea 

In one embodiment , the first strand is 25 nucleotides in 5 sured at a concentration of 1 nanomolar , 200 picomolar , 100 
length and the second strand is 27 nucleotides in length . picomolar , 50 picomolar , 20 picomolar , 10 picomolar , 5 
Optionally , the 3 ' terminus of the first strand and the 5 ' picomolar , 2 , picomolar or 1 picomolar in the environment 
terminus of the second strand form a blunt end . of a cell . 

In another embodiment , starting from the 5 ' end of a a - 1 In another embodiment , the dsNA is sufficiently comple 
antitrypsin mRNA sequence of SEQ ID NOs : 991-1188 and 10 mentary to the target a - 1 antitrypsin mRNA sequence to 
1938-1968 ( position 1 ) , mammalian Ago2 cleaves the reduce a - 1 antitrypsin target mRNA expression by an 
mRNA at a site between positions 9 and 10 of the sequence , amount ( expressed by % ) that is at least 10 % , at least 50 % , 
thereby reducing a - 1 antitrypsin target mRNA expression at least 80-90 % , at least 95 % , at least 98 % , or at least 99 % 
when the dsNA is introduced into a mammalian cell . Option- when the dsNA is introduced into a mammalian cell . 
ally , the second strand includes a sequence of SEQ ID NOs : 15 In certain embodiments , the first and second strands are 
199-396 or 3493-3499 . In certain embodiments , the first joined by a chemical linker . Optionally , the 3 ' terminus of the 
strand includes a sequence of SEQ ID NOs : 1-198 . first strand and the 5 ' terminus of the second strand are 

In one embodiment , the dsNA includes a pair of first joined by a chemical linker . 
strand / second strand sequences of Table 2 . In one embodiment , a nucleotide of the second or first 

In a further embodiment , each of the first and the second 20 strand is substituted with a modified nucleotide that directs 
strands has a length which is at least 26 nucleotides . the orientation of Dicer cleavage . 

In one embodiment , nucleotides of the 1-5 single - stranded Optionally , the dsNA includes a deoxyribonucleotide , a 
nucleotides of the 3 ' terminus of the second strand include a dideoxyribonucleotide , an acyclonucleotide , a 3 ' - deoxyade 
modified nucleotide . Optionally , the modified nucleotide is nosine ( cordycepin ) , a 3 ' - azido - 3 ' - deoxythymidine ( AZT ) , a 
a 2 - O - methyl ribonucleotide . In a related embodiment , all 25 2,3 - dideoxyinosine ( ddl ) , a 2 ' , 3 ' - dideoxy - 3 ' - thiacytidine 
nucleotides of the 1-5 single - stranded nucleotides of the 3 ' ( 3TC ) , a 2 ' , 3 ' - didehydro - 2 ' , 3 ' - dideoxythymidine ( d4T ) , a 
terminus of the second strand are modified nucleotides . In monophosphate nucleotide of 3 ' - azido - 3 ' - deoxythymidine 
certain embodiments , the 1-5 single - stranded nucleotides of ( AZT ) , a 2 ' , 3 ' - dideoxy - 3 ' - thiacytidine ( 3TC ) and a mono 
the 3 ' terminus of the second strand are 1-4 nucleotides in phosphate nucleotide of 2 ' , 3 ' - didehydro - 2 ' , 3 - dideoxythymi 
length , are 1-3 nucleotides in length , or are 1-2 nucleotides 30 dine ( d4T ) , a 4 - thiouracil , a 5 - bromouracil , a 5 - iodouracil , a 
in length . In a related embodiment , the 1-5 single - stranded 5- ( 3 - aminoallyl ) -uracil , a 2 - O - alkyl ribonucleotide , a 2-0 
nucleotides of the 3 ' terminus of the second strand is two methyl ribonucleotide , a 2 - amino ribonucleotide , a 2 ' - fluoro 
nucleotides in length and includes a 2 - O - methyl modified ribonucleotide , or a locked nucleic acid . 
ribonucleotide . In certain embodiments , the dsNA includes a phosphate 

In certain embodiments , the second oligonucleotide 35 backbone modification that is a phosphonate , a phosphoro 
strand includes a modification pattern of AS - M1 to AS - M84 , thioate or a phosphotriester . 
AS - M88 to AS - M96 , AS - M210 , AS - M1 * to AS - M84 * , In one embodiment , the dsNA includes a morpholino 
AS - M88 * to AS - M96 * or AS - M210 * . nucleic acid or a peptide nucleic acid ( PNA ) . 

Optionally , the first oligonucleotide strand includes a In one aspect , the invention provides a method for reduc 
modification pattern of SM1 to SM119 or SM250 to SM252 . 40 ing expression of a target a - 1 antitrypsin gene in a mam 

In a further embodiment , each of the first and the second malian cell involving contacting a mammalian cell in vitro 
strands has a length which is at least 26 and at most 30 with a dsNA of the invention in an amount sufficient to 
nucleotides . reduce expression of a target a - 1 antitrypsin mRNA in the 

Optionally , the dsNA is cleaved endogenously in the cell cell . 
by Dicer . In one embodiment , target a - 1 antitrypsin mRNA expres 

In certain embodiments , a dsNA of the invention includes sion is reduced by at least 10 % , at least 50 % or at least 
at least one unlocked nucleobase analog ( UNA ) . Optionally , 80-90 % . Optionally , a - 1 antitrypsin mRNA levels are 
the at least one UNA is located in a 3 ' - overhang region , a reduced by at least 90 % at least 8 days after the cell is 
5 - overhang region , or both such regions of the dsNA , contacted with the dsNA . In certain embodiments , a - 1 
optionally on the guide strand of the dsNA . 50 antitrypsin mRNA levels are reduced by at least 70 % at least 

In some embodiments , a dsNA of the invention is attached 10 days after the cell is contacted with the dsNA . 
to a dynamic polyconjugate ( DPC ) . In additional embodi- In one aspect , the invention provides a method for reduc 
ments , a dsNA of the invention is administered with a DPC , ing expression of a target a - 1 antitrypsin mRNA in a 
where optionally the dsNA and DPC are not attached . mammal involving administering a nucleic acid of the 

In some embodiments , a dsNA of the invention is attached 55 invention to a mammal in an amount sufficient to reduce 
to a GalNAc moiety ( optionally , a tri - antennary GalNAc expression of a target a - 1 antitrypsin mRNA in the mammal . 
moiety ) and / or to cholesterol or a cholesterol targeting In certain embodiments , the nucleic acid is formulated in 
ligand . a lipid nanoparticle ( LNP ) . In one embodiment , the nucleic 

In certain embodiments , the amount of the nucleic acid acid is administered at a dosage that is 1 microgram to 5 
sufficient to reduce expression of the target gene is 1 60 milligrams per kilogram of the mammal per day , 100 micro 
nanomolar or less , 200 picomolar or less , 100 picomolar or grams to 0.5 milligrams per kilogram , 0.001 to 0.25 milli 
less , 50 picomolar or less , 20 picomolar or less , 10 pico- grams per kilogram , 0.01 to 20 micrograms per kilogram , 
molar or less , 5 picomolar or less , 2 , picomolar or less or 1 0.01 to 10 micrograms per kilogram , 0.10 to 5 micrograms 
picomolar or less in the environment of the cell . per kilogram , or 0.1 to 2.5 micrograms per kilogram . 

In one embodiment , the dsNA possesses greater potency 65 In certain embodiments , the nucleic acid possesses greater 
than a 21mer siRNA directed to the identical at least 19 potency than 21mer siRNAs directed to the identical at least 
nucleotides of the target a - 1 antitrypsin mRNA in reducing 19 nucleotides of the target a - 1 antitrypsin mRNA in 
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reducing target a - 1 antitrypsin mRNA expression when A further aspect of the invention provides a method of 
assayed in vitro in a mammalian cell at an effective con- treating an individual with a liver or lung disease or disorder 
centration in the environment of a cell of 1 nanomolar or that involves introducing into cells of the individual an 
less . In certain embodiments , knockdown efficacy and / or exogenous nucleic acid sequence and hybridizing the exog 
potency is measured at a concentration of 1 nanomolar , 2005 enous nucleic acid to a target alpha - 1 antitrypsin mRNA 
picomolar , 100 picomolar , 50 picomolar , 20 picomolar , 10 sequence of SEQ ID NOs : 991-1188 or 1938-1968 . picomolar , 5 picomolar , 2 , picomolar or 1 picomolar in the An additional aspect of the invention provides a method 
environment of a cell . of forming an in vivo hybridization complex within a cell 

In another embodiment , a - 1 antitrypsin mRNA levels are 
reduced in a tissue of the mammal by at least 70 % at least 10 acid sequence and hybridizing the exogenous nucleic acid to that involves introducing into the cell an exogenous nucleic 
3 days after the dsNA is administered to the mammal . a target alpha - 1 antitrypsin mRNA sequence of SEQ ID Optionally , the tissue is liver tissue . NOs : 991-1188 or 1938-1968 . In certain embodiments , administering includes intrave 
nous injection , intramuscular injection , intraperitoneal injec A further aspect of the invention provides a method of 
tion , infusion , subcutaneous injection , transdermal , aerosol , 15 inhibiting translation of a target mRNA into a protein within 
rectal , vaginal , topical , oral or inhaled delivery . a cell that involves introducing into the cell an exogenous 

In another aspect , the invention provides a method for nucleic acid sequence and hybridizing the exogenous 
treating or preventing a liver disease or disorder in a subject nucleic acid to a target alpha - 1 antitrypsin mRNA sequence 
that involves administering a dsNA of the invention to the of SEQ ID NOs : 991-1188 or 1938-1968 , complexing the 
subject in an amount sufficient to treat or prevent the liver 20 exogenous nucleic acid with RISC , and cleaving the mRNA . 
disease or disorder in the subject . In one embodiment , the exogenous nucleic acid is com 

In one embodiment , the liver disease or disorder is a plexed with RISC . In a related embodiment , the RISC 
chronic liver disease , liver inflammation , cirrhosis , liver cleaves the mRNA . 
fibrosis or hepatocellular carcinoma . Optionally , the subject Another aspect of the invention provides a “ single strand 
is human . 25 extended ” ( here , guide strand - extended , at the 5 ' end ) dsNA . 

In a further aspect , the invention provides a formulation Specifically , this aspect of the invention provides a dsNA 
containing a nucleic acid of the invention present in an having first and second nucleic acid strands that include 
amount effective to reduce target a - 1 antitrypsin mRNA RNA , where the first strand is 15-35 nucleotides in length 
levels when the nucleic acid is introduced into a mammalian and the second strand is at least 35 nucleotides in length , 
cell in vitro by at least 10 % , at least 50 % or at least 80-90 % . 30 optionally includes a second strand sequence having at least 

In one embodiment , the effective amount is 1 nanomolar 25 nucleotides of a sequence of SEQ ID NOs : 3493-3499 
or less , 200 picomolar or less , 100 picomolar or less , 50 and is sufficiently complementary to a target a - 1 antitrypsin 
picomolar or less , 20 picomolar or less , 10 picomolar or less , mRNA sequence of SEQ ID NOs : 991-1188 along at least 15 
5 picomolar or less , 2 , picomolar or less or 1 picomolar or nucleotides of the second oligonucleotide strand length to 
less in the environment of the cell . In certain embodiments , 35 reduce a - 1 antitrypsin target mRNA expression when the 
knockdown efficacy is measured at a concentration of 1 dsNA is introduced into a mammalian cell . 
nanomolar , 200 picomolar , 100 picomolar , 50 picomolar , 20 
picomolar , 10 picomolar , 5 picomolar , 2 , picomolar or 1 BRIEF DESCRIPTION OF THE DRAWINGS 
picomolar in the environment of a cell . 

In another aspect , the invention provides a formulation 40 FIG . 1 shows the structures of exemplary DsiRNA agents 
including the dsNA of the invention present in an amount of the invention targeting a site in the a - 1 antitrypsin RNA 
effective to reduce target a - 1 antitrypsin mRNA levels when referred to herein as the “ a - 1 antitrypsin - 506 " target site . 
the dsNA is introduced into a cell of a mammalian subject UPPER case = unmodified RNA , lower case = DNA , 
by at least 10 % , at least 50 % or at least 80-90 % . Optionally , Bold = mismatch base pair nucleotides ; arrowheads indicate 
the effective amount is a dosage of 1 microgram to 5 45 projected Dicer enzyme cleavage sites ; dashed line indicates 
milligrams per kilogram of the subject per day , 100 micro- sense strand ( top strand ) sequences corresponding to the 
grams to 0.5 milligrams per kilogram , 0.001 to 0.25 milli- projected Argonaute 2 ( Ago2 ) cleavage site within the 
grams per kilogram , 0.01 to 20 micrograms per kilogram , targeted a - 1 antitrypsin sequence . 
0.01 to 10 micrograms per kilogram , 0.10 to 5 micrograms FIGS . 2A to 2D present primary screen data showing 
per kilogram , or 0.1 to 2.5 micrograms per kilogram . 50 DsiRNA - mediated knockdown of human a - 1 antitrypsin 

In an additional aspect , the invention provides a mam- ( FIGS . 2A and 2B ) and mouse a - 1 antitrypsin ( FIGS . 2C 
malian cell containing a nucleic acid of the invention . and 2D ) in human ( Huh7 ) and mouse ( AML12 ) cells , 

In a further aspect , the invention provides a pharmaceu- respectively . For each DsiRNA tested , two independent 
tical composition containing a nucleic acid of the invention qPCR amplicons were assayed ( in human cells , amplicons 
and a pharmaceutically acceptable carrier . 55 “ 462-563 ” and “ 1811-1910 " were assayed , while in mouse 

In another aspect , the invention provides a kit that cells , amplicons “ 331-462 ” and “ 1532-1662 " were assayed ) . 
includes a nucleic acid of the invention and instructions for FIGS . 3A to 3H show histograms of human and mouse 

a - 1 antitrypsin inhibitory efficacies observed for indicated 
In an additional aspect , the invention provides a compo- DsiRNAs . “ Pl ” indicates phase 1 ( primary screen ) , while 

sition possessing a - 1 antitrypsin inhibitory activity that 60 “ P2 ” indicates phase 2. In phase 1 , DsiRNAs were tested at 
consists essentially of a nucleic acid of the invention . 1 nM in the environment of Huh7 cells ( human cell assays ; 

Another aspect of the invention provides a method of FIGS . 3A to 3D ) or mouse cells ( AML12 cell assays ; FIGS . 
hybridizing an exogenous nucleic acid to mRNA in a cell 3E to 3H ) . In phase 2 , DsiRNAs were tested at 1 nM , 0.1 nM 
that involves introducing into the cell an exogenous nucleic and 0.03 nM in the environment of Huh7 cells . Individual 
acid sequence and hybridizing the exogenous nucleic acid to 65 bars represent average human ( FIGS . 3A to 3D ) or mouse 
a target alpha - 1 antitrypsin mRNA sequence that is a ( FIGS . 3E to 3H ) a - 1 antitrypsin levels observed in tripli 
sequence of SEQ ID NOs : 991-1188 or 1938-1968 . cate , with standard errors shown . Human a - 1 antitrypsin 

its use . 
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levels were normalized to HPRT and SFRS9 levels , while The present invention features one or more DsiRNA 
mouse a - 1 antitrypsin levels were normalized to HPRT and molecules that can modulate ( e.g. , inhibit ) a - 1 antitrypsin 
Rp123 levels . expression . The DsiRNAs of the invention optionally can be 

FIGS . 4A to 4F present data showing levels of a - 1 used in combination with modulators of other genes and / or 
antitrypsin knockdown observed for 24 a - 1 antitrypsin- 5 gene products associated with the maintenance or develop 
targeting duplex sequences possessing a range of guide ment of diseases or disorders associated with a - 1 antitrypsin 
strand 2 - O - methyl modifications and a single passenger misregulation ( e.g. , tumor formation and / or growth , etc. ) . 
strand 2 - O - methyl modification pattern , as depicted in The DsiRNA agents of the invention modulate a - 1 antit 
FIGS . 4A and 4B . Bar graphs of FIGS . 4C to 4F show rypsin RNAs such as those corresponding to the cDNA 
efficacy data for the 24 independent a - 1 antitrypsin - target 10 sequences referred to by GenBank Accession Nos . 

NM_000295.4 ( human a - 1 antitrypsin ) and NM_009246.3 ing DsiRNAs across different , indicated guide ( antisense ) ( mouse Serpinald ) , which are referred to herein generally as strand 2 ' - O - methyl modification patterns in human Huh7 “ a - 1 antitrypsin . ” cells at 0.03 nM , 0.1 nM and at 1 nM . The below description of the various aspects and embodi FIGS . 5A to 5H present data obtained in an expanded 15 ments of the invention is provided with reference to exem modified duplex screen . FIGS . 5A to 5D depict 2 - O - methyl plary 0-1 antitrypsin RNAs , generally referred to herein as 
modification patterns of both passenger and guide strands of a - 1 antitrypsin . However , such reference is meant to be 
tested duplexes ( with FIG . 5D showing modification pat exemplary only and the various aspects and embodiments of 
terns of individual strands ) , while FIGS . 5E to 5H show the invention are also directed to alternate a - 1 antitrypsin 
histograms of human a - 1 antitrypsin inhibitory efficacies 20 RNAs , such as mutant a - 1 antitrypsin RNAs or additional 
observed for indicated DsiRNAs in human cells . “ P4 ” a - 1 antitrypsin splice variants . Certain aspects and embodi 
indicates phase 4 ( expanded modified duplex screen ) . In the ments are also directed to other genes involved in a - 1 
expanded modification screen , DsiRNAs were tested at 0.03 antitrypsin pathways , including genes whose misregulation 
nM , 0.1 nM and at 1 nM in the environment of human Huh7 acts in association with that of a - 1 antitrypsin ( or is affected 
cells . Individual bars represent average human a - 1 antit- 25 or affects a - 1 antitrypsin regulation ) to produce phenotypic 
rypsin levels observed in triplicate , with standard errors effects that may be targeted for treatment ( e.g. , tumor 
shown . Human a - 1 antitrypsin levels were normalized to formation and / or growth , etc. ) . BAK1 , Noxa , BCL2L11 , 
HPRT and SFRS9 levels . Bc1-2 - associated death promoter , PCNA , DAD1 , TNKS and 
FIGS . 6A and 6B demonstrate the robust a - 1 antitrypsin BH3 interacting domain death agonist are examples of genes 

knockdown efficacy of guide strand “ extended ” forms of a - 1 30 that interact with a - 1 antitrypsin . Such additional genes , 
antitrypsin - targeting DsiRNAs of the invention . FIG . 6A including those of pathways that act in coordination with 
shows the specific sequences of each of the eight extended a - 1 antitrypsin , can be targeted using dsRNA and the 
DsiRNAs tested ( corresponding SEQ ID NOs are indicated methods described herein for use of a - 1 antitrypsin - target 
at right for sense and antisense sequences , respectively ) . ing dsRNAs . Thus , the inhibition and the effects of such 
FIG . 6B shows IC5o curves obtained for each of the eight 35 inhibition of the other genes can be performed as described 
guide strand “ extended ” forms of a - 1 antitrypsin - targeting herein . 
DsiRNAs that were tested ( “ C121 ” represents a control The term “ a - 1 antitrypsin ” refers to nucleic acid 
DsiRNA that does not target a - 1 antitrypsin ) . sequences encoding a a - 1 antitrypsin protein , peptide , or 

polypeptide ( e.g. , a - 1 antitrypsin transcripts , such as the 
DETAILED DESCRIPTION OF THE 40 sequences of a - 1 antitrypsin Genbank Accession Nos . 

INVENTION NM_000295.4 and NM_009246.3 ) . In certain embodiments , 
the term “ a - 1 antitrypsin ” is also meant to include other a - 1 

The present invention is directed to compositions that antitrypsin encoding sequence , such as other a - 1 antitrypsin 
contain nucleic acids , for example double stranded RNA isoforms , mutant a - 1 antitrypsin genes , splice variants of 
( “ dsRNA ” ) , and methods for preparing them , that are 45 a - 1 antitrypsin genes , and a - 1 antitrypsin gene polymor 
capable of reducing the level and / or expression of the a - 1 phisms . The term “ a - 1 antitrypsin ” is also used to refer to 
antitrypsin gene in vivo or in vitro . One of the strands of the the polypeptide gene product of an a - 1 antitrypsin genel 
dsRNA contains a region of nucleotide sequence that has a transcript , e.g. , an a - 1 antitrypsin protein , peptide , or poly 
length that ranges from 19 to 35 nucleotides that can direct peptide , such as those encoded by a - 1 antitrypsin Genbank 
the destruction and / or translational inhibition of the targeted 50 Accession Nos . NP_000286.3 and NP_033272.1 . 
a - 1 antitrypsin transcript . As used herein , a “ a - 1 antitrypsin - associated disease or 

disorder ” refers to a disease or disorder known in the art to 
Definitions be associated with altered a - 1 antitrypsin expression , level 

and / or activity . Notably , a " a - 1 antitrypsin - associated dis 
Unless defined otherwise , all technical and scientific 55 ease or disorder ” includes diseases or disorders of the liver 

terms used herein have the meaning commonly understood including , but not limited to , chronic liver disease , liver 
by a person skilled in the art to which this invention belongs . inflammation , cirrhosis , liver fibrosis , and / or hepatocellular 
The following references provide one of skill with a general carcinoma . 
definition of many of the terms used in this invention : An anti - a - 1 antitrypsin dsRNA of the invention is deemed 
Singleton et al . , Dictionary of Microbiology and Molecular 60 to possess “ a - 1 antitrypsin inhibitory activity ” if a statisti 
Biology ( 2nd ed . 1994 ) ; The Cambridge Dictionary of cally significant reduction in a - 1 antitrypsin RNA ( or when 
Science and Technology ( Walker ed . , 1988 ) ; The Glossary the a - 1 antitrypsin protein is assessed , a - 1 antitrypsin 
of Genetics , 5th Ed . , R. Rieger et al . ( eds . ) , Springer Verlag protein levels ) is seen when an anti - a - 1 antitrypsin dsRNA 
( 1991 ) ; and Hale & Marham , The Harper Collins Dictionary of the invention is administered to a system ( e.g. , cell - free 
of Biology ( 1991 ) . As used herein , the following terms have 65 in vitro system ) , cell , tissue or organism , as compared to a 
the meanings ascribed to them below , unless specified selected control . The distribution of experimental values and 
otherwise . the number of replicate assays performed will tend to dictate 
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the parameters of what levels of reduction in a - 1 antitrypsin reduction in a - 1 antitrypsin mRNA levels is observed in a 
RNA ( either as a % or in absolute terms ) is deemed mammalian cell line in vitro at 1 nM dsRNA concentration 
statistically significant ( as assessed by standard methods of or lower in the environment of a cell , relative to a suitable 
determining statistical significance known in the art ) . How- control . 
ever , in certain embodiments , “ a - 1 antitrypsin inhibitory 5 Use of other endpoints for determination of whether a 
activity ” is defined based upon a % or absolute level of double stranded RNA of the invention possesses a - 1 antit 
reduction in the level of a - 1 antitrypsin in a system , cell , rypsin inhibitory activity is also contemplated . Specifically , 
tissue or organism . For example , in certain embodiments , a in one embodiment , in addition to or as an alternative to 
dsRNA of the invention is deemed to possess a - 1 antitrypsin assessing a - l antitrypsin mRNA levels , the ability of a 
inhibitory activity if at least a 5 % reduction or at least a 10 % 10 tested dsRNA to reduce a - 1 antitrypsin protein levels ( e.g. , 
reduction in a - 1 antitrypsin RNA is observed in the presence at 48 hours after contacting a mammalian cell in vitro or in 
of a dsRNA of the invention relative to a - 1 antitrypsin levels vivo ) is assessed , and a tested dsRNA is deemed to possess 
seen for a suitable control . ( For example , in vivo a - 1 a - 1 antitrypsin inhibitory activity if at least a 10 % reduction , 
antitrypsin levels in a tissue and / or subject can , in certain at least a 20 % reduction , at least a 30 % reduction , at least a 
embodiments , be deemed to be inhibited by a dsRNA agent 15 40 % reduction , at least a 50 % reduction , at least a 60 % 
of the invention if , e.g. , a 5 % or 10 % reduction in a - 1 reduction , at least a 70 % reduction , at least a 75 % reduction , 
antitrypsin levels is observed relative to a control . ) In certain at least an 80 % reduction , at least an 85 % reduction , at least 
other embodiments , a dsRNA of the invention is deemed to a 90 % reduction , or at least a 95 % reduction in a - 1 antit 
possess a - 1 antitrypsin inhibitory activity if a - 1 antitrypsin rypsin protein levels is observed in a mammalian cell 
RNA levels are observed to be reduced by at least 15 % 20 contacted with the assayed double stranded RNA in vitro or 
relative to a selected control , by at least 20 % relative to a in vivo , relative to a suitable control . Additional endpoints 
selected control , by at least 25 % relative to a selected contemplated include , e.g. , assessment of a phenotype asso 
control , by at least 30 % relative to a selected control , by at ciated with reduction of a - 1 antitrypsin levels — e.g . , reduc 
least 35 % relative to a selected control , by at least 40 % tion of chronic liver disease , liver inflammation , cirrhosis , 
relative to a selected control , by at least 45 % relative to a 25 liver fibrosis , and / or hepatocellular carcinoma , as assessed 
selected control , by at least 50 % relative to a selected directly or via assessment of appropriate markers and / or 
control , by at least 55 % relative to a selected control , by at indicators of such liver disease or disorder . 
least 60 % relative to a selected control , by at least 65 % a - 1 antitrypsin inhibitory activity can also be evaluated 
relative to a selected control , by at least 70 % relative to a over time ( duration ) and over concentration ranges ( po 
selected control , by at least 75 % relative to a selected 30 tency ) , with assessment of what constitutes a dsRNA pos 
control , by at least 80 % relative to a selected control , by at sessing a - 1 antitrypsin inhibitory activity adjusted in accor 
least 85 % relative to a selected control , by at least 90 % dance with concentrations administered and duration of time 
relative to a selected coi by least 95 % relative following administration . Thus , in certain embodiments , a 
selected control , by at least 96 % relative to a selected dsRNA of the invention is deemed to possess a - 1 antitrypsin 
control , by at least 97 % relative to a selected control , by at 35 inhibitory activity if at least a 50 % reduction in a - 1 antit 
least 98 % relative to a selected control or by at least 99 % rypsin activity is observed / persists at a duration of time of 2 
relative to a selected control . In some embodiments , com- hours , 5 hours , 10 hours , 1 day , 2 days , 3 days , 4 days , 5 
plete inhibition of a - 1 antitrypsin is required for a dsRNA days , 6 days , 7 days , 8 days , 9 days , 10 days or more after 
to be deemed to possess a - 1 antitrypsin inhibitory activity . administration of the dsRNA to a cell or organism . In 
In certain models ( e.g. , cell culture ) , a dsRNA is deemed to 40 additional embodiments , a dsRNA of the invention is 
possess a - 1 antitrypsin inhibitory activity if at least a 50 % deemed to be a potent a - 1 antitrypsin inhibitory agent if a - 1 
reduction in a - 1 antitrypsin levels is observed relative to a antitrypsin inihibitory activity ( e.g. , in certain embodiments , 
suitable control . In certain other embodiments , a dsRNA is at least 50 % inhibition of a - 1 antitrypsin ) is observed at a 
deemed to possess a - 1 antitrypsin inhibitory activity if at concentration of 1 nM or less , 500 PM or less , 200 PM or 
least an 80 % reduction in a - 1 antitrypsin levels is observed 45 less , 100 PM or less , 50 PM or less , 20 PM or less , 10 PM 
relative to a suitable control . or less , 5 PM or less , 2 PM or less or even 1 PM or less in 
By way of specific example , in Example 2 below , a series the environment of a cell , for example , within an in vitro 

of DsiRNAs targeting a - 1 antitrypsin were tested for the assay for a - 1 antitrypsin inihibitory activity as described 
ability to reduce a - 1 antitrypsin mRNA levels in human herein . In certain embodiments , a potent a - l antitrypsin 
Huh7 or mouse AML12 cells in vitro , at 1 nM concentra- 50 inhibitory dsRNA of the invention is defined as one that is 
tions in the environment of such cells and in the presence of capable of a - 1 antitrypsin inihibitory activity ( e.g. , in certain 
a transfection agent ( LipofectamineTM RNAiMAX , Invitro- embodiments , at least 20 % reduction of a - 1 antitrypsin 
gen ) . Within Example 2 below , a - 1 antitrypsin inhibitory levels ) at a formulated concentration of 10 mg / kg or less 
activity was ascribed to those DsiRNAs that were observed when administered to a subject in an effective delivery 
to effect at least a 70 % reduction of a - 1 antitrypsin mRNA 55 vehicle ( e.g. , an effective lipid nanoparticle formulation ) . 
levels under the assayed conditions . It is contemplated that Preferably , a potent c - 1 antitrypsin inhibitory dsRNA of the 
a - 1 antitrypsin inhibitory activity could also be attributed to invention is defined as one that is capable of a - 1 antitrypsin 
a dsRNA under either more or less stringent conditions than inihibitory activity ( e.g. , in certain embodiments , at least 
those employed for Example 2 below , even when the same 50 % reduction of a - 1 antitrypsin levels ) at a formulated 
or a similar assay and conditions are employed . For 60 concentration of 5 mg / kg or less when administered to a 
example , in certain embodiments , a tested dsRNA of the subject in an effective delivery vehicle . More preferably , a 
invention is deemed to possess a - 1 antitrypsin inhibitory potent a - 1 antitrypsin inhibitory dsRNA of the invention is 
activity if at least a 10 % reduction , at least a 20 % reduction , defined as one that is capable of a - 1 antitrypsin inihibitory 
at least a 30 % reduction , at least a 40 % reduction , at least a activity ( e.g. , in certain embodiments , at least 50 % reduction 
50 % reduction , at least a 60 % reduction , at least a 75 % 65 of a - 1 antitrypsin levels ) at a formulated concentration of 5 
reduction , at least an 80 % reduction , at least an 85 % mg / kg or less when administered to a subject in an effective 
reduction , at least a 90 % reduction , or at least a 95 % delivery vehicle . Optionally , a potent a - 1 antitrypsin inhibi 
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tory dsRNA of the invention is defined as one that is capable phosphate group . The nucleotides can be unmodified or 
ofa - 1 antitrypsin inhibitory activity ( e.g. , in certain embodi- modified at the sugar , phosphate and / or base moiety , ( also 
ments , at least 50 % reduction of a - 1 antitrypsin levels ) at a referred to interchangeably as nucleotide analogs , modified 
formulated concentration of 2 mg / kg or less , or even 1 nucleotides , non - natural nucleotides , non - standard nucleo 
mg / kg or less , when administered to a subject in an effective 5 tides and other ; see , e.g. , Usman and McSwiggen , supra ; 
delivery vehicle . Exemplary discrete formulated concentra- Eckstein , et al . , International PCT Publication No. WO 
tions of a - 1 antitrypsin - targeting RNAi agents of the inven- 92/07065 ; Usman et al , International PCT Publication No. 
tion include about 5 mg / kg , about 2 mg / kg , about 1 mg / kg , WO 93/15187 ; Uhlman & Peyman , supra , all are hereby 
about 500 mg / kg , about 250 mg / kg , about 100 mg / kg , about incorporated by reference herein ) . There are several 
50 mg / kg , about 25 mg / kg , about 10 ug / kg , about 5 ug / kg , 10 examples of modified nucleic acid bases known in the art as 
about 2.5 ug / kg , about 1 ug / kg , about 500 ng / kg , about 250 summarized by Limbach , et al , Nucleic Acids Res . 22 : 2183 , 
ng / kg , about 100 ng / kg , about 50 ng / kg , about 25 ng / kg , 1994. Some of the non - limiting examples of base modifi 
about 10 ng / kg , about 5 ng / kg , about 2.5 ng / kg , about 1 cations that can be introduced into nucleic acid molecules 
ng / kg and about 500 pg / kg . include , hypoxanthine , purine , pyridin - 4 - one , pyridin - 2 - one , 
About : As used herein , the term “ about ” means +/- 10 % of 15 phenyl , pseudouracil , 2,4,6 - trimethoxy benzene , 3 - methyl the recited value . Use of “ about ” is contemplated in refer- uracil , dihydrouridine , naphthyl , aminophenyl , 5 - alkylcyti 

ence to all ranges and values recited herein . dines ( e.g. , 5 - methylcytidine ) , 5 - alkyluridines ( e.g. , ribothy 
In certain embodiments , the phrase " consists essentially midine ) , 5 - halouridine ( e.g. , 5 - bromouridine ) or 6 - azapy 

of ” is used in reference to the anti - a - 1 antitrypsin dsRNAS rimidines or 6 - alkylpyrimidines ( e.g. 6 - methyluridine ) , 
of the invention . In some such embodiments , “ consists 20 propyne , and others ( Burgin , et al . , Biochemistry 35 : 14090 , 
essentially of ” refers to a composition that comprises a 1996 ; Uhlman & Peyman , supra ) . By “ modified bases ” in 
dsRNA of the invention which possesses at least a certain this aspect is meant nucleotide bases other than adenine , 
level of a - 1 antitrypsin inhibitory activity ( e.g. , at least 50 % guanine , cytosine and uracil at l ' position or their equiva 
a - 1 antitrypsin inhibitory activity ) and that also comprises lents . 
one or more additional components and / or modifications 25 As used herein , “ modified nucleotide ” refers to a nucleo 
that do not significantly impact the a - 1 antitrypsin inhibitory tide that has one or more modifications to the nucleoside , the 
activity of the dsRNA . For example , in certain embodi- nucleobase , pentose ring , or phosphate group . For example , 
ments , a composition “ consists essentially of ” a dsRNA of modified nucleotides exclude ribonucleotides containing 
the invention where modifications of the dsRNA of the adenosine monophosphate , guanosine monophosphate , uri 
invention and / or dsRNA - associated components of the com- 30 dine monophosphate , and cytidine monophosphate and 
position do not alter the a - 1 antitrypsin inhibitory activity deoxyribonucleotides containing deoxyadenosine mono 
( optionally including potency or duration of a - 1 antitrypsin phosphate , deoxyguanosine monophosphate , deoxythymi 
inhibitory activity ) by greater than % , greater than 5 % , dine monophosphate , and deoxycytidine monophosphate . 
greater than 10 % , greater than 15 % , greater than 20 % , Modifications include those naturally occurring that result 
greater than 25 % , greater than 30 % , greater than 35 % , 35 from modification by enzymes that modify nucleotides , such 
greater than 40 % , greater than 45 % , or greater than 50 % as methyltransferases . Modified nucleotides also include 
relative to the dsRNA of the invention in isolation . In certain synthetic or non - naturally occurring nucleotides . Synthetic 
embodiments , a composition is deemed to consist essentially or non - naturally occurring modifications in nucleotides 
of a dsRNA of the invention even if more dramatic reduction include those with 2 ' modifications , e.g. , 2 ' - methoxyethoxy , 
of a - 1 antitrypsin inhibitory activity ( e.g. , 80 % reduction , 40 2 - fluoro , 2 ' - allyl , 2 - O- [ 2- ( methylamino ) -2 - oxoethyl ] , 
90 % reduction , etc. in efficacy , duration and / or potency ) 4 ' - thio , 4 ' - CH2–0-2 ' - bridge , 4 ' - ( CH2 ) 20-2 ' - bridge , 
occurs in the presence of additional components or modifi- 2 ' - LNA or other bicyclic or “ bridged ” nucleoside analog , 
cations , yet where a - 1 antitrypsin inhibitory activity is not and 2 ' - O- ( N - methylcarbamate ) or those comprising base 
significantly elevated ( e.g. , observed levels of a - 1 antit- analogs . In connection with 2 ' - modified nucleotides as 
rypsin inhibitory activity are within 10 % those observed for 45 described for the present disclosure , by “ amino ” is meant 
the dsRNA of the invention ) in the presence of additional 2 ' - NH , or 2 - O - NH2 , which can be modified or unmodi 
components and / or modifications . fied . Such modified groups are described , e.g. , in Eckstein et 
As used herein , the term “ nucleic acid ” refers to deoxy- al . , U.S. Pat . No. 5,672,695 and Matulic - Adamic et al . , U.S. 

ribonucleotides , ribonucleotides , or modified nucleotides , Pat . No. 6,248,878 . “ Modified nucleotides ” of the instant 
and polymers thereof in single- or double - stranded form . 50 invention can also include nucleotide analogs as described 
The term encompasses nucleic acids containing known above . 
nucleotide analogs or modified backbone residues or link- In reference to the nucleic acid molecules of the present 
ages , which are synthetic , naturally occurring , and non- disclosure , modifications may exist upon these agents in 
naturally occurring , which have similar binding properties patterns on one or both strands of the double stranded 
as the reference nucleic acid , and which are metabolized in 55 ribonucleic acid ( dsRNA ) . As used herein , “ alternating 
a manner similar to the reference nucleotides . Examples of positions ” refers to a pattern where every other nucleotide is 
such analogs include , without limitation , phosphorothioates , a modified nucleotide or there is an unmodified nucleotide 
phosphoramidates , methyl phosphonates , chiral - methyl ( e.g. , an unmodified ribonucleotide ) between every modified 
phosphonates , 2 - O - methyl ribonucleotides , peptide - nucleic nucleotide over a defined length of a strand of the dsRNA 
acids ( PNAs ) and unlocked nucleic acids ( UNAs or 60 ( e.g. , 5 ' - MNMNMN - 3 ' ; 3 ' - MNMNMN - 5 ' ; where M is a 
unlocked nucleobase analogs ; see , e.g. , Jensen et al . Nucleic modified nucleotide and N is an unmodified nucleotide ) . The 
Acids Symposium Series 52 : 133-4 ) , and derivatives thereof . modification pattern starts from the first nucleotide position 

As used herein , “ nucleotide ” is used as recognized in the at either the 5 ' or 3 ' terminus according to a position 
art to include those with natural bases ( standard ) , and numbering convention , e.g. , as described herein ( in certain 
modified bases well known in the art . Such bases are 65 embodiments , position 1 is designated in reference to the 
generally located at the 1 ' position of a nucleotide sugar terminal residue of a strand following a projected Dicer 
moiety . Nucleotides generally comprise a base , sugar and a cleavage event of a DsiRNA agent of the invention ; thus , 
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position 1 does not always constitute a 3 ' terminal or 5 ' al . , J. Org . Chem . , 67 : 5869-5875 ( 2002 ) ; Chaudhuri et al . , J. 
terminal residue of a pre - processed agent of the invention ) . Am . Chem . Soc . , 117 : 10434-10442 ( 1995 ) ; and U.S. Pat . 
The pattern of modified nucleotides at alternating positions No. 6,218,108 ) . Base analogs may also be a universal base . 
may run the full length of the strand , but in certain embodi- As used herein , “ universal base ” refers to a heterocyclic 
ments includes at least 4 , 6 , 8 , 10 , 12 , 14 nucleotides 5 moiety located at the 1 ' position of a nucleotide sugar moiety 
containing at least 2 , 3 , 4 , 5 , 6 or 7 modified nucleotides , in a modified nucleotide , or the equivalent position in a 
respectively . As used herein , “ alternating pairs of positions ” nucleotide sugar moiety substitution , that , when present in a 
refers to a pattern where two consecutive modified nucleo- nucleic acid duplex , can be positioned opposite more than 
tides are separated by two consecutive unmodified nucleo- one type of base without altering the double helical structure 
tides over a defined length of a strand of the dsRNA ( e.g. , 10 ( e.g. , the structure of the phosphate backbone ) . Additionally , 
5 ' - MMNNMMNNMMNN - 3 ' ; 3 ' - MMNNMMNNMMNN- the universal base does not destroy the ability of the single 
5 ' ; where M is a modified nucleotide and N is an unmodified stranded nucleic acid in which it resides to duplex to a target 
nucleotide ) . The modification pattern starts from the first nucleic acid . The ability of a single stranded nucleic acid 
nucleotide position at either the 5 ' or 3 ' terminus according containing a universal base to duplex a target nucleic can be 
to a position numbering convention such as those described 15 assayed by methods apparent to one in the art ( e.g. , UV 
herein . The pattern of modified nucleotides at alternating absorbance , circular dichroism , gel shift , single stranded 
positions may run the full length of the strand , but preferably nuclease sensitivity , etc. ) . Additionally , conditions under 
includes at least 8 , 12 , 16 , 20 , 24 , 28 nucleotides containing which duplex formation is observed may be varied to 
at least 4 , 6 , 8 , 10 , 12 or 14 modified nucleotides , respec- determine duplex stability or formation , e.g. , temperature , as 
tively . It is emphasized that the above modification patterns 20 melting temperature ( Tm ) correlates with the stability of 
are exemplary and are not intended as limitations on the nucleic acid duplexes . Compared to a reference single 
scope of the invention . stranded nucleic acid that is exactly complementary to a 
As used herein , “ base analog ” refers to a heterocyclic target nucleic acid , the single stranded nucleic acid contain 

moiety which is located at the 1 ' position of a nucleotide ing a universal base forms a duplex with the target nucleic 
sugar moiety in a modified nucleotide that can be incorpo- 25 acid that has a lower Tm than a duplex formed with the 
rated into a nucleic acid duplex ( or the equivalent position complementary nucleic acid . However , compared to a ref 
in a nucleotide sugar moiety substitution that can be incor- erence single stranded nucleic acid in which the universal 
porated into a nucleic acid duplex ) . In the dsRNAs of the base has been replaced with a base to generate a single 
invention , a base analog is generally either a purine or mismatch , the single stranded nucleic acid containing the 
pyrimidine base excluding the common bases guanine ( G ) , 30 universal base forms a duplex with the target nucleic acid 
cytosine ( C ) , adenine ( A ) , thymine ( T ) , and uracil ( U ) . Base that has a higher Tm than a duplex formed with the nucleic 
analogs can duplex with other bases or base analogs in acid having the mismatched base . 
dsRNAs . Base analogs include those useful in the com- Some universal bases are capable of base pairing by 
pounds and methods of the invention , e.g. , those disclosed in forming hydrogen bonds between the universal base and all 
U.S. Pat . Nos . 5,432,272 and 6,001,983 to Benner and US 35 of the bases guanine ( G ) , cytosine ( C ) , adenine ( A ) , thymine 
Patent Publication No. 20080213891 to Manoharan , which ( T ) , and uracil ( U ) under base pair forming conditions . A 
are herein incorporated by reference . Non - limiting examples universal base is not a base that forms a base pair with only 
of bases include hypoxanthine ( I ) , xanthine ( X ) , 33 - D- one single complementary base . In a duplex , a universal 
ribofuranosyl- ( 2,6 - diaminopyrimidine ) ( K ) , 3 - B - D - ribofura- base may form no hydrogen bonds , one hydrogen bond , or 
nosyl- ( 1 - methyl - pyrazolo [ 4,3 - d ] pyrimidine - 5,7 ( 4H , 6H ) -di- 40 more than one hydrogen bond with each of G , C , A , T , and 
one ) ( P ) , iso - cytosine ( iso - C ) , iso - guanine ( iso - G ) , 1-6 - D- U opposite to it on the opposite strand of a duplex . Prefer 
ribofuranosyl- ( 5 - nitroindole ) , 1 - B - D - ribofuranosyl- ( 3- ably , the universal bases does not interact with the base 
nitropyrrole ) , 5 - bromouracil , 2 - aminopurine , 4 - thio - dT , opposite to it on the opposite strand of a duplex . In a duplex , 
7- ( 2 - thienyl ) -imidazo [ 4,5 - b ] pyridine ( Ds ) and pyrrole - 2- base pairing between a universal base occurs without alter 
carbaldehyde ( Pa ) , 2 - amino - 6- ( 2 - thienyl ) purine ( S ) , 45 ing the double helical structure of the phosphate backbone . 
2 - oxopyridine ( Y ) , difluorotolyl , 4 - fluoro - 6 - methylbenzimi- A universal base may also interact with bases in adjacent 
dazole , 4 - methylbenzimidazole , 3 - methyl isocarbostyrilyl , nucleotides on the same nucleic acid strand by stacking 
5 - methyl isocarbostyrilyl , and 3 - methyl - 7 - propynyl isocar- interactions . Such stacking interactions stabilize the duplex , 
bostyrilyl , 7 - azaindolyl , 6 - methyl - 7 - azaindolyl , imi- especially in situations where the universal base does not 
dizopyridinyl , 9 - methyl - imidizopyridinyl , pyrrolopyrizinyl , 50 form any hydrogen bonds with the base positioned opposite 
isocarbostyrilyl , 7 - propynyl isocarbostyrilyl , propynyl - 7- to it on the opposite strand of the duplex . Non - limiting 
azaindolyl , 2,4,5 - trimethylphenyl , 4 - methylindolyl , 4,6 - di- examples of universal - binding nucleotides include inosine , 
methylindolyl , phenyl , napthalenyl , anthracenyl , 1 - B - D - ribofuranosyl - 5 - nitroindole , and / or 1 - B - D - ribofura 
phenanthracenyl , pyrenyl , stilbenzyl , tetracenyl , pentacenyl , nosyl - 3 - nitropyrrole ( US Pat . Appl . Publ . No. 20070254362 
and structural derivates thereof ( Schweitzer et al . , J. Org . 55 to Quay et al .; Van Aerschot et al . , An acyclic 5 - nitroinda 
Chem . , 59 : 7238-7242 ( 1994 ) ; Berger et al . , Nucleic Acids zole nucleoside analogue as ambiguous nucleoside . Nucleic 
Research , 28 ( 15 ) : 2911-2914 ( 2000 ) ; Moran et al . , J. Am . Acids Res . 1995 Nov. 11 ; 23 ( 21 ) : 4363-70 ; Loakes et al . , 
Chem . Soc . , 119 : 2056-2057 ( 1997 ) ; Morales et al . , J. Am . 3 - Nitropyrrole and 5 - nitroindole as universal bases in prim 
Chem . Soc . , 121 : 2323-2324 ( 1999 ) ; Guckian et al . , J. Am . ers for DNA sequencing and PCR . Nucleic Acids Res . 1995 
Chem . Soc . , 118 : 8182-8183 ( 1996 ) ; Morales et al . , J. Am . 60 Jul . 11 ; 23 ( 13 ) : 2361-6 ; Loakes and Brown , 5 - Nitroindole as 
Chem . Soc . , 122 ( 6 ) : 1001-1007 ( 2000 ) ; McMinn et al . , J. an universal base analogue . Nucleic Acids Res . 1994 Oct. 
Am . Chem . Soc . , 121 : 11585-11586 ( 1999 ) ; Guckian et al . , 11 ; 22 ( 20 ) : 4039-43 ) . 
J. Org . Chem . , 63 : 9652-9656 ( 1998 ) ; Moran et al . , Proc . As used herein , " loop ” refers to a structure formed by a 
Natl . Acad . Sci . , 94 : 10506-10511 ( 1997 ) ; Das et al . , J. single strand of a nucleic acid , in which complementary 
Chem . Soc . , Perkin Trans . , 1 : 197-206 ( 2002 ) ; Shibata et al . , 65 regions that flank a particular single stranded nucleotide 
J. Chem . Soc . , Perkin Trans . , 1 : 1605-1611 ( 2001 ) ; Wu et al . , region hybridize in a way that the single stranded nucleotide 
J. Am . Chem . Soc . , 122 ( 32 ) : 7621-7632 ( 2000 ) ; O'Neill et region between the complementary regions is excluded from 

a 

9 



US 11,459,566 B1 
17 18 

duplex formation or Watson - Crick base pairing . A loop is a is fully complementary to the shorter oligonucleotide , may 
single stranded nucleotide region of any length . Examples of yet be referred to as “ fully complementary ” for the purposes 
loops include the unpaired nucleotides present in such of the invention . 
structures as hairpins , stem loops , or extended loops . The term “ double - stranded RNA ” or “ dsRNA ” , as used 
As used herein , “ extended loop ” in the context of a 5 herein , refers to a complex of ribonucleic acid molecules , 

dsRNA refers to a single stranded loop and in addition 1 , 2 , having a duplex structure comprising two anti - parallel and 
3,4,5,6 or up to 20 base pairs or duplexes flanking the loop . substantially complementary , as defined above , nucleic acid 
In an extended loop , nucleotides that flank the loop on the strands . The two strands forming the duplex structure may 
5 ' side form a duplex with nucleotides that flank the loop on be different portions of one larger RNA molecule , or they 
the 3 ' side . An extended loop may form a hairpin or stem 10 may be separate RNA molecules . Where separate RNA 
loop . molecules , such dsRNA are often referred to as siRNA 
As used herein , “ tetraloop ” in the context of a dsRNA ( “ short interfering RNA ” ) or DsiRNA ( “ Dicer substrate 

refers to a loop ( a single stranded region ) consisting of four siRNAs " ) . Where the two strands are part of one larger 
nucleotides that forms a stable secondary structure that molecule , and therefore are connected by an uninterrupted 
contributes to the stability of adjacent Watson - Crick hybrid- 15 chain of nucleotides between the 3 ' - end of one strand and the 
ized nucleotides . Without being limited to theory , a tetraloop 5 ' end of the respective other strand forming the duplex 
may stabilize an adjacent Watson - Crick base pair by stack- structure , the connecting RNA chain is referred to as a 
ing interactions . In addition , interactions among the four “ hairpin loop ” , “ short hairpin RNA ” or “ shRNA ” . Where 
nucleotides in a tetraloop include but are not limited to the two strands are connected covalently by means other 
non - Watson - Crick base pairing , stacking interactions , 20 than an uninterrupted chain of nucleotides between the 
hydrogen bonding , and contact interactions ( Cheong et al . , 3 ' - end of one strand and the 5'end of the respective other 
Nature 1990 Aug. 16 ; 346 ( 6285 ) : 680-2 ; Heus and Pardi , strand forming the duplex structure , the connecting structure 
Science 1991 Jul . 12 ; 253 ( 5016 ) : 191-4 ) . A tetraloop confers is referred to as a “ linker ” . The RNA strands may have the 
an increase in the melting temperature ( Tm ) of an adjacent same or a different number of nucleotides . The maximum 
duplex that is higher than expected from a simple model 25 number of base pairs is the number of nucleotides in the 
loop sequence consisting of four random bases . For shortest strand of the dsRNA minus any overhangs that are 
example , a tetraloop can confer a melting temperature of at present in the duplex . In addition to the duplex structure , a 
least 55 ° C. in 10 mM NaHPO4 to a hairpin comprising a dsRNA may comprise one or more nucleotide overhangs . In 
duplex of at least 2 base pairs in length . A tetraloop may addition , as used herein , “ dsRNA ” may include chemical 
contain ribonucleotides , deoxyribonucleotides , modified 30 modifications to ribonucleotides , internucleoside linkages , 
nucleotides , and combinations thereof . Examples of RNA end - groups , caps , and conjugated moieties , including sub 
tetraloops include the UNCG family of tetraloops ( e.g. , stantial modifications at multiple nucleotides and including 
UUCG ) , the GNRA family of tetraloops ( e.g. , GAAA ) , and all types of modifications disclosed herein or known in the 
the CUUG tetraloop . ( Woese et al . , Proc Natl Acad Sci USA . art . Any such modifications , as used in an siRNA- or 
1990 November ; 87 ( 21 ) : 8467-71 ; Antao et al . , Nucleic 35 DsiRNA - type molecule , are encompassed by “ dsRNA ” for 
Acids Res . 1991 Nov. 11 ; 19 ( 21 ) : 5901-5 ) . Examples of the purposes of this specification and claims . 
DNA tetraloops include the d ( GNNA ) family of tetraloops The phrase “ duplex region ” refers to the region in two 
( e.g. , d ( GTTA ) , the d ( GNRA ) ) family of tetraloops , the complementary or substantially complementary oligonucle 
dGNAB ) family of tetraloops , the d ( CNNG ) family of otides that form base pairs with one another , either by 
tetraloops , the d ( TNCG ) family of tetraloops ( e.g. , 40 Watson - Crick base pairing or other manner that allows for a 
d ( TTCG ) ) . ( Nakano et al . Biochemistry , 41 ( 48 ) , 14281- duplex between oligonucleotide strands that are comple 
14292 , 2002 ; SHINJI et al . Nippon Kagakkai Koen Yokoshu mentary or substantially complementary . For example , an 
VOL . 78th ; NO . 2 ; PAGE . 731 ( 2000 ) . ) oligonucleotide strand having 21 nucleotide units can base 
As used herein , the term " siRNA ” refers to a double pair with another oligonucleotide of 21 nucleotide units , yet 

stranded nucleic acid in which each strand comprises RNA , 45 only 19 bases on each strand are complementary or sub 
RNA analog ( s ) or RNA and DNA . The siRNA comprises stantially complementary , such that the “ duplex region ” 
between 19 and 23 nucleotides or comprises 21 nucleotides . consists of 19 base pairs . The remaining base pairs may , for 
The siRNA typically has 2 bp overhangs on the 3 ' ends of example , exist as 5 ' and 3 ' overhangs . Further , within the 
each strand such that the duplex region in the siRNA duplex region , 100 % complementarity is not required ; sub 
comprises 17-21 nucleotides , or 19 nucleotides . Typically , 50 stantial complementarity is allowable within a duplex 
the antisense strand of the siRNA is sufficiently comple- region . Substantial complementarity refers to complemen 
mentary with the target sequence of the a - 1 antitrypsin tarity between the strands such that they are capable of 
gene / RNA . annealing under biological conditions . Techniques to 

Where a first sequence is referred to as “ substantially empirically determine if two strands are capable of anneal 
complementary ” with respect to a second sequence herein , 55 ing under biological conditions are well know in the art . 
the two sequences can be fully complementary , or they may Alternatively , two strands can be synthesized and added 
form one or more , but generally not more than 4 , 3 or 2 together under biological conditions to determine if they 
mismatched base pairs upon hybridization , while retaining anneal to one another . 
the ability to hybridize under the conditions most relevant to By definition , “ sufficiently complementary ” ( contrasted 
their ultimate application . However , where two oligonucle- 60 with , e.g. , “ 100 % complementary ” ) allows for one or more 
otides are designed to form , upon hybridization , one or more mismatches to exist between a dsRNA of the invention and 
single stranded overhangs , such overhangs shall not be the target RNA or cDNA sequence ( e.g. , a - 1 antitrypsin 
regarded as mismatches with regard to the determination of mRNA ) , provided that the dsRNA possesses complemen 
complementarity . For example , a dsRNA comprising one tarity sufficient to trigger the destruction of the target RNA 
oligonucleotide 21 nucleotides in length and another oligo- 65 by the RNAi machinery ( e.g. , the RISC complex ) or process . 
nucleotide 23 nucleotides in length , wherein the longer In certain embodiments , a " sufficiently complementary " 
oligonucleotide comprises a sequence of 21 nucleotides that dsRNA of the invention can harbor one , two , three or even 
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four or more mismatches between the dsRNA sequence and the concentration of sodium ions in the hybridization buffer 
the target RNA or cDNA sequence ( e.g. , in certain such ( [ Na + ] for 1xSSC = 0.165 M ) . For example , a hybridization 
embodiments , the antisense strand of the dsRNA harbors determination buffer is shown in Table 1 . 

TABLE 1 

To make 50 
m.w./Stock mL solution final conc . Vender Cat # Lot # 

NaCl 
KC1 
MgCl2 
sucrose 

100 mM Sigma 
80 mM Sigma 
8 mM Sigma 

2 % w / v Fisher 

5M 
74.55 
1M 

342.3 

1 ml . 
0.298 g 

0.4 mL 
1 g 

Tris - HCI 16 mm Fisher 

S - 5150 41K8934 
P - 9541 70K0002 
M - 1028 120K8933 
BP220- 907105 
212 
BP1757- 12419 
00 

S - 3193 52H 
029515 

E - 7889 110K89271 
W - 4502 51K2359 

1M 0.8 mL 

NaH2PO4 1 mM Sigma 120.0 0.006 g 

0.02 mm 0.5M 2 UL EDTA 
H2O 
pH = 7.0 
at 20 ° C. 

Sigma 
Sigma to 50 mL 

adjust with 
HCI 

20 

25 

a 

one , two , three , four , five or even six or more mismatches Useful variations on hybridization conditions will be 
when aligned with the target RNA or cDNA sequence ) . readily apparent to those skilled in the art . Hybridization 
Additional consideration of the preferred location of such techniques are well known to those skilled in the art and are 
mismatches within certain dsRNAs of the instant invention described , for example , in Benton and Davis ( Science 196 : 
is considered in greater detail below . 180 , 1977 ) ; Grunstein and Hogness ( Proc . Natl . Acad . Sci . , 
As used herein “ DsiRNAmm ” refers to a DisRNA having USA 72 : 3961 , 1975 ) ; Ausubel et al . ( Current Protocols in 

a “ mismatch tolerant region ” containing one , two , three or Molecular Biology , Wiley Interscience , New York , 2001 ) ; 
four mismatched base pairs of the duplex formed by the Berger and Kimmel ( Antisense to Molecular Cloning Tech 
sense and antisense strands of the DsiRNA , where such 30 niques , 1987 , Academic Press , New York ) ; and Sambrook et 
mismatches are positioned within the DsiRNA at a al . , Molecular Cloning : A Laboratory Manual , Cold Spring 
location ( s ) lying between ( and thus not including ) the two Harbor Laboratory Press , New York . 
terminal base pairs of either end of the DsiRNA . The As used herein , “ oligonucleotide strand ” is a single 
structure and mismatch positioning of exemplary forms of stranded nucleic acid molecule . An oligonucleotide may 
DsiRNAmm compositions are described in greater detail 35 comprise ribonucleotides , deoxyribonucleotides , modified 
below . nucleotides ( e.g. , nucleotides with 2 ' modifications , syn 

Single - stranded nucleic acids that base pair over a number thetic base analogs , etc. ) or combinations thereof . Such 
of bases are said to " hybridize . ” Hybridization is typically modified oligonucleotides can be preferred over native 
determined under physiological or biologically relevant con- forms because of properties such as , for example , enhanced 
ditions ( e.g. , intracellular : pH 7.2 , 140 mM potassium ion ; 40 cellular uptake and increased stability in the presence of 
extracellular pH 7.4 , 145 mM sodium ion ) . Hybridization nucleases . 
conditions generally contain a monovalent cation and bio- As used herein , the term “ ribonucleotide ” encompasses 
logically acceptable buffer and may or may not contain a natural and synthetic , unmodified and modified ribonucle 
divalent cation , complex anions , e.g. gluconate from potas- otides . Modifications include changes to the sugar moiety , to 
sium gluconate , uncharged species such as sucrose , and inert 45 the base moiety and / or to the linkages between ribonucle 
polymers to reduce the activity of water in the sample , e.g. otides in the oligonucleotide . As used herein , the term 
PEG . Such conditions include conditions under which base “ ribonucleotide " specifically excludes a deoxyribonucle 
pairs can form . otide , which is a nucleotide possessing a single proton group 

Hybridization is measured by the temperature required to at the 2 ' ribose ring position . 
dissociate single stranded nucleic acids forming a duplex , 50 As used herein , the term " deoxyribonucleotide ” encom 
i.e. , ( the melting temperature ; Tm ) . Hybridization condi- passes natural and synthetic , unmodified and modified 
tions are also conditions under which base pairs can form . deoxyribonucleotides . Modifications include changes to the 
Various conditions of stringency can be used to determine sugar moiety , to the base moiety and / or to the linkages 
hybridization ( see , e.g. , Wahl , G. M. and S. L. Berger ( 1987 ) between deoxyribonucleotide in the oligonucleotide . As 
Methods Enzymol . 152 : 399 ; Kimmel , A. R. ( 1987 ) Methods 55 used herein , the term “ deoxyribonucleotide ” also includes a 
Enzymol . 152 : 507 ) . Stringent temperature conditions will modified ribonucleotide that does not permit Dicer cleavage 
ordinarily include temperatures of at least about 30 ° C. , of a dsRNA agent , e.g. , a 2 ' - O - methyl ribonucleotide , a 
more preferably of at least about 37 ° C. , and most preferably phosphorothioate - modified ribonucleotide residue , etc. , that 
of at least about 42 ° C. The hybridization temperature for does not permit Dicer cleavage to occur at a bond of such a 
hybrids anticipated to be less than 50 base pairs in length 60 residue . 
should be 5-10 ° C. less than the melting temperature ( Tm ) As used herein , the term “ PS - NA ” refers to a phospho 
of the hybrid , where Tm is determined according to the rothioate - modified nucleotide residue . The term “ PS - NA ” 
following equations . For hybrids less than 18 base pairs in therefore encompasses both phosphorothioate - modified 
length , Tm ( ° C . ) = 2 ( # of A + T bases ) +4 ( # of G + C bases ) . For ribonucleotides ( “ PS - RNAs ” ) and phosphorothioate - modi 
hybrids between 18 and 49 base pairs in length , Tm ( 65 fied deoxyribonucleotides ( “ PS - DNAs " ) . 
C . ) = 81.5 + 16.6 ( log 10 [ Na + ] ) + 0.41 % G + C ) - ( 600 / N ) , As used herein , “ Dicer ” refers to an endoribonuclease in 
where N is the number of bases in the hybrid , and [ Na + ] is the RNase III family that cleaves a dsRNA or dsRNA 
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containing molecule , e.g. , double - stranded RNA ( dsRNA ) tory nucleic acid is suitably formulated and assessed for 
or pre - microRNA ( miRNA ) , into double - stranded nucleic inhibitory activity in a mammalian cell at the same concen 
acid fragments 19-25 nucleotides long , usually with a two- tration in this latter scenario , the DsiRNA would be iden 
base overhang on the 3 ' end . With respect to certain dsRNAs tified as more potent than the non - DsiRNA ) . Detection of 
of the invention ( e.g. , “ DsiRNAs " ) , the duplex formed by a 5 the enhanced potency of a DsiRNA relative to a non 
dsRNA region of an agent of the invention is recognized by DsiRNA is often most readily achieved at a formulated 
Dicer and is a Dicer substrate on at least one strand of the concentration ( e.g. , transfection concentration of the 
duplex . Dicer catalyzes the first step in the RNA interference dsRNA ) that results in the DsiRNA eliciting approximately 
pathway , which consequently results in the degradation of a 30-70 % knockdown activity upon a target RNA ( e.g. , a 
target RNA . The protein sequence of human Dicer is pro- 10 mRNA ) . For active DsiRNAs , such levels of knockdown 
vided at the NCBI database under accession number activity are most often achieved at in vitro mammalian cell 
NP_085124 , hereby incorporated by reference . DsiRNA transfection concentrations of 1 nM or less of as 

Dicer “ cleavage ” can be determined as follows ( e.g. , see suitably formulated , and in certain instances are observed at 
Collingwood et al . , Oligonucleotides 18 : 187-200 ( 2008 ) . In DsiRNA transfection concentrations of 200 PM or less , 100 
a Dicer cleavage assay , RNA duplexes ( 100 pmol ) are 15 PM or less , 50 PM or less , 20 PM or less , 10 PM or less , 5 
incubated in 20 uL of 20 mM Tris pH 8.0 , 200 mM NaCl , PM or less , or even 1 pM or less . Indeed , due to the 
2.5 mM MgCl2 with or without 1 unit of recombinant variability among DsiRNAs of the precise concentration at 
human Dicer ( Stratagene , La Jolla , Calif . ) at 37 ° C. for which 30-70 % knockdown of a target RNA is observed , 
18-24 hours . Samples are desalted using a Performa SR construction of an IC50 curve via assessment of the inhibi 
96 - well plate ( Edge Biosystems , Gaithersburg , Md . ) . Elec- 20 tory activity of DsiRNAs and non - DsiRNAs across a range 
trospray - ionization liquid chromatography mass spectros- of effective concentrations is a preferred method for detect 
copy ( ESI - LCMS ) of duplex RNAs pre- and post - treatment ing the enhanced potency of a DsiRNA relative to a non 
with Dicer is done using an Oligo HTCS system ( Novatia , DsiRNA inhibitory agent . 
Princeton , N.J .; Hail et al . , 2004 ) , which consists of a As used herein , “ overhang ” refers to unpaired nucleo 
ThermoFinnigan TSQ7000 , Xcalibur data system , ProMass 25 tides , in the context of a duplex having one or more free ends 
data processing software and Paradigm MS4 HPLC at the 5 ' terminus or 3 ' terminus of a dsRNA . In certain 
( Michrom BioResources , Auburn , Calif . ) . In this assay , embodiments , the overhang is a 3 ' or 5 ' overhang on the 
Dicer cleavage occurs where at least 5 % , 10 % , 20 % , 30 % , antisense strand or sense strand . In some embodiments , the 
40 % , 50 % , 60 % , 70 % , 80 % , 90 % , 95 % , or even 100 % of the overhang is a 3 ' overhang having a length of between one 
Dicer substrate dsRNA , ( i.e. , 25-30 bp , dsRNA , preferably 30 and six nucleotides , optionally one to five , one to four , one 
26-30 bp dsRNA ) is cleaved to a shorter dsRNA ( e.g. , 19-23 to three , one to two , two to six , two to five , two to four , two 
bp dsRNA , preferably , 21-23 bp dsRNA ) . to three , three to six , three to five , three to four , four to six , 
As used rein , “ Dicer cleavage site ” refers the sites at four to five , five to six nucleotides , or one , two , three , four , 

which Dicer cleaves a dsRNA ( e.g. , the dsRNA region of a five or six nucleotides . “ Blunt ” or “ blunt end ” means that 
DsiRNA agent of the invention ) . Dicer contains two RNase 35 there are no unpaired nucleotides at that end of the dsRNA , 
III domains which typically cleave both the sense and i.e. , no nucleotide overhang . For clarity , chemical caps or 
antisense strands of a dsRNA . The average distance between non - nucleotide chemical moieties conjugated to the 3 ' end or 
the RNase III domains and the PAZ domain determines the 5 ' end of an siRNA are not considered in determining 
length of the short double - stranded nucleic acid fragments it whether an siRNA has an overhang or is blunt ended . In 
produces and this distance can vary ( Macrae et al . ( 2006 ) 40 certain embodiments , the invention provides a dsRNA mol 
Science 311 : 195-8 ) . As shown in FIG . 1 , Dicer is projected ecule for inhibiting the expression of the a - 1 antitrypsin 
to cleave certain double - stranded ribonucleic acids of the target gene in a cell or mammal , wherein the dsRNA 
instant invention that possess an antisense strand having a 2 comprises an antisense strand comprising a region of 
nucleotide 3 ' overhang at a site between the 21st and 22nd complementarity which is complementary to at least a part 
nucleotides removed from the 3 ' terminus of the antisense 45 of an mRNA formed in the expression of the a - 1 antitrypsin 
strand , and at a corresponding site between the 21st and 22nd target gene , and wherein the region of complementarity is 
nucleotides removed from the 5 ' terminus of the sense less than 35 nucleotides in length , optionally 19-24 nucleo 
strand . The projected and / or prevalent Dicer cleavage site ( s ) tides in length or 25-30 nucleotides in length , and wherein 
for dsRNA molecules distinct from those depicted in FIG . 1 the dsRNA , upon contact with a cell expressing the a - 1 
may be similarly identified via art - recognized methods , 50 antitrypsin target gene , inhibits the expression of the a - 1 
including those described in Macrae et al . While the Dicer antitrypsin target gene by at least 10 % , 25 % , or 40 % . 
cleavage events depicted in FIG . 1 generate 21 nucleotide As used herein , the term “ RNA processing ” refers to 
siRNAs , it is noted that Dicer cleavage of a dsRNA ( e.g. , processing activities performed by components of the 
DsiRNA ) can result in generation of Dicer - processed siRNA siRNA , miRNA or RNase H pathways ( e.g. , Drosha , Dicer , 
lengths of 19 to 23 nucleotides in length . Indeed , in certain 55 Argonaute2 other RISC endoribonucleases , and 
embodiments , a double - stranded DNA region may be RNaseH ) , which are described in greater detail below ( see 
included within a dsRNA for purpose of directing prevalent “ RNA Processing " section below ) . The term is explicitly 
Dicer excision of a typically non - preferred 19mer or 20mer distinguished from the post - transcriptional processes of 5 
siRNA , rather than a 21mer . capping of RNA and degradation of RNA via non - RISC- or 

In certain embodiments , dsRNAs of the invention are 60 non - RNase H - mediated processes . Such “ degradation ” of an 
Dicer substrate siRNAs ( “ DsiRNAs " ) . DsiRNAs can pos- RNA can take several forms , e.g. deadenylation ( removal of 
sess certain advantages as compared to inhibitory nucleic a 3 ' poly ( A ) tail ) , and / or nuclease digestion of part or all of 
acids that are not dicer substrates ( non - DsiRNAs " ) . Such the body of the RNA by one or more of several endo- or 
advantages include , but are not limited to , enhanced duration exo - nucleases ( e.g. , RNase III , RNase P , RNase T1 , RNase 
of effect of a DsiRNA relative to a non - DsiRNA , as well as 65 A ( 1 , 2 , 3 , 4/5 ) , oligonucleotidase , etc. ) . 
enhanced inhibitory activity of a DsiRNA as compared to a By “ homologous sequence ” is meant a nucleotide 
non - DsiRNA ( e.g. , a 19-23mer siRNA ) when each inhibi- sequence that is shared by one or more polynucleotide 
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sequences , such as genes , gene transcripts and / or non- In another embodiment , a gapped alignment , the align 
coding polynucleotides . For example , a homologous ment is optimized by introducing appropriate gaps , and 
sequence can be a nucleotide sequence that is shared by two percent identity is determined over the length of the aligned 
or more genes encoding related but different proteins , such sequences ( i.e. , a gapped alignment ) . To obtain gapped 
as different members of a gene family , different protein 5 alignments for comparison purposes , Gapped BLAST can 
epitopes , different protein isoforms or completely divergent be utilized as described in Altschul et al . , ( 1997 ) Nucleic 
genes , such as a cytokine and its corresponding receptors . A Acids Res . 25 ( 17 ) : 3389-3402 . In another embodiment , a 
homologous sequence can be a nucleotide sequence that is global alignment the alignment is optimized by introducing 
shared by two or more non - coding polynucleotides , such as appropriate gaps , and percent identity is determined over the 
noncoding DNA or RNA , regulatory sequences , introns , and entire length of the sequences aligned . ( i.e. , a global align 
sites of transcriptional control or regulation . Homologous ment ) . A preferred , non - limiting example of a mathematical 
sequences can also include conserved sequence regions algorithm utilized for the global comparison of sequences is 
shared by more than one polynucleotide sequence . Homol- the algorithm of Myers and Miller , CABIOS ( 1989 ) . Such an 
ogy does not need to be perfect homology ( e.g. , 100 % ) , as 15 algorithm is incorporated into the ALIGN program ( version 
partially homologous sequences are also contemplated by 2.0 ) which is part of the GCG sequence alignment software 
the instant invention ( e.g. , 99 % , 98 % , 97 % , 96 % , 95 % , 94 % , package . When utilizing the ALIGN program for comparing 
93 % , 92 % , 91 % , 90 % , 89 % , 88 % , 87 % , 86 % , 85 % , 84 % , amino acid sequences , a PAM120 weight residue table , a gap 
83 % , 82 % , 81 % , 80 % etc. ) . Indeed , design and use of the length penalty of 12 , and a gap penalty of 4 can be used . 
dsRNA agents of the instant invention contemplates the 20 Greater than 80 % sequence identity , e.g. , 80 % , 81 % , 82 % , 
possibility of using such dsRNA agents not only against 83 % , 84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , 
target RNAs of a - 1 antitrypsin possessing perfect comple- 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % or even 100 % 
mentarity with the presently described dsRNA agents , but sequence identity , between the dsRNA antisense strand and 
also against target a - 1 antitrypsin RNAs possessing the portion of the a - 1 antitrypsin RNA sequence is preferred . 
sequences that are , e.g. , only 99 % , 98 % , 97 % , 96 % , 95 % , 25 Alternatively , the dsRNA may be defined functionally as a 
94 % , 93 % , 92 % , 91 % , 90 % , 89 % , 88 % , 87 % , 86 % , 85 % , nucleotide sequence ( or oligonucleotide sequence ) that is 
84 % , 83 % , 82 % , 81 % , 80 % etc. complementary to said capable of hybridizing with a portion of the a - 1 antitrypsin 
dsRNA agents . Similarly , it is contemplated that the pres- RNA ( e.g. , 400 mM NaCl , 40 mM PIPES pH 6.4 , 1 mM 
ently described dsRNA agents of the instant invention might EDTA , 50 ° C. or 70 ° C. hybridization for 12-16 hours ; 
be readily altered by the skilled artisan to enhance the extent 30 followed by washing ) . Additional preferred hybridization 
of complementarity between said dsRNA agents and a target conditions include hybridization at 70 ° C. in 1xSSC or 50 ° 
a - 1 antitrypsin RNA , e.g. , of a specific allelic variant of a - 1 C. in 1xSSC , 50 % formamide followed by washing at 70 ° C. 
antitrypsin ( e.g. , an allele of enhanced therapeutic interest ) . in 0.3xSSC or hybridization at 70 ° C. in 4xSSC or 50 ° C. in 
Indeed , dsRNA agent sequences with insertions , deletions , 4xSSC , 50 % formamide followed by washing at 67 ° C. in 
and single point mutations relative to the target a - 1 antit- 35 1xSSC . The hybridization temperature for hybrids antici 
rypsin sequence can also be effective for inhibition . Alter- pated to be less than 50 base pairs in length should be 5-10 ° 
natively , dsRNA agent sequences with nucleotide analog C. less than the melting temperature ( Tm ) of the hybrid , 
substitutions or insertions can be effective for inhibition . where Tm is determined according to the following equa 

Sequence identity may be determined by sequence com- tions . For hybrids less than 18 base pairs in length , Tm ( ° 
parison and alignment algorithms known in the art . To 40 C . ) = 2 ( # of A + T bases ) +4 ( # of G + C bases ) . For hybrids 
determine the percent identity of two nucleic acid sequences between 18 and 49 base pairs in length , Tm ( ° C . ) = 81.5+ 
( or of two amino acid sequences ) , the sequences are aligned 16.6 ( log 10 [ Na + ] + 0.41 % G + C ) - ( 600 / N ) , where N is the 
for comparison purposes ( e.g. , gaps can be introduced in the number of bases in the hybrid , and [ Na + ] is the concentra 
first sequence or second sequence for optimal alignment ) . tion of sodium ions in the hybridization buffer ( [ Na + ] for 
The nucleotides ( or amino acid residues ) at corresponding 45 1xSSC = 0.165 M ) . Additional examples of stringency con 
nucleotide ( or amino acid ) positions are then compared . ditions for polynucleotide hybridization are provided in 
When a position in the first sequence is occupied by the Sambrook , J. , E. F. Fritsch , and T. Maniatis , 1989 , Molecular 
same residue as the corresponding position in the second Cloning : A Laboratory Manual , Cold Spring Harbor Labo 
sequence , then the molecules are identical at that position . ratory Press , Cold Spring Harbor , N.Y. , chapters 9 and 11 , 
The percent identity between the two sequences is a function 50 and Current Protocols in Molecular Biology , 1995 , F. M. 
of the number of identical positions shared by the sequences Ausubel et al . , eds . , John Wiley & Sons , Inc. , sections 2.10 
( i.e. , % homology = # of identical positions / total # of posi- and 6.3-6.4 . The length of the identical nucleotide sequences 
tionsx100 ) , optionally penalizing the score for the number of may be at least 10 , 12 , 15 , 17 , 20 , 22 , 25 , 27 or 30 bases . 
gaps introduced and / or length of gaps introduced . By “ conserved sequence region ” is meant , a nucleotide 

The comparison of sequences and determination of per- 55 sequence of one or more regions in a polynucleotide does 
cent identity between two sequences can be accomplished not vary significantly between generations or from one 
using a mathematical algorithm . In one embodiment , the biological system , subject , or organism to another biological 
alignment generated over a certain portion of the sequence system , subject , or organism . The polynucleotide can 
aligned having sufficient identity but not over portions include both coding and non - coding DNA and RNA . 
having low degree of identity ( i.e. , a local alignment ) . A 60 By “ sense region ” is meant a nucleotide sequence 
preferred , non - limiting example of a local alignment algo- dsRNA molecule having complementarity to an antisense 
rithm utilized for the comparison of sequences is the algo- region of the dsRNA molecule . In addition , the sense region 
rithm of Karlin and Altschul ( 1990 ) Proc . Natl . Acad . Sci . of a dsRNA molecule can comprise a nucleic acid sequence 
USA 87 : 2264-68 , modified as in Karlin and Altschul ( 1993 ) having homology with a target nucleic acid sequence . 
Proc . Natl . Acad . Sci . USA 90 : 5873-77 . Such an algorithm 65 By “ antisense region ” is meant a nucleotide sequence of 
is incorporated into the BLAST programs ( version 2.0 ) of a dsRNA molecule having complementarity to a target 
Altschul , et al . ( 1990 ) J. Mol . Biol . 215 : 403-10 . nucleic acid sequence . In addition , the antisense region of a 
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dsRNA molecule comprises a nucleic acid sequence having fectly complementary ” means that all the contiguous resi 
complementarity to a sense region of the dsRNA molecule . dues of a nucleic acid sequence will hydrogen bond with the 
As used herein , " antisense strand ” refers to a single same number of contiguous residues in a second nucleic acid 

stranded nucleic acid molecule which has a sequence sequence . In one embodiment , a dsRNA molecule of the 
complementary to that of a target RNA . When the antisense 5 invention comprises 19 to 30 ( e.g. , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 
strand contains modified nucleotides with base analogs , it is 26 , 27 , 28 , 29 , or 30 or more ) nucleotides that are comple 
not necessarily complementary over its entire length , but mentary to one or more target nucleic acid molecules or a 
must at least hybridize with a target RNA . portion thereof . 
As used herein , “ sense strand ” refers to a single stranded As used herein , a dsRNA , e.g. , DsiRNA or siRNA , having 

nucleic acid molecule which has a sequence complementary 10 a sequence “ sufficiently complementary ” to a target RNA or 
to that of an antisense strand . When the antisense strand cDNA sequence ( e.g. , a - 1 antitrypsin mRNA ) means that 
contains modified nucleotides with base analogs , the sense the dsRNA has a sequence sufficient to trigger the destruc 
strand need not be complementary over the entire length of tion of the target RNA ( where a cDNA sequence is recited , 
the antisense strand , but must at least duplex with the the RNA sequence corresponding to the recited cDNA 
antisense strand . 15 sequence ) by the RNAi machinery ( e.g. , the RISC complex ) 
As used herein , " guide strand ” refers to a single stranded or process . For example , a dsRNA that is “ sufficiently 

nucleic acid molecule of a dsRNA or dsRNA - containing complementary ” to a target RNA or cDNA sequence to 
molecule , which has a sequence sufficiently complementary trigger the destruction of the target RNA by the RNAi 
to that of a target RNA to result in RNA interference . After machinery or process can be identified as a dsRNA that 
cleavage of the dsRNA or dsRNA - containing molecule by 20 causes a detectable reduction in the level of the target RNA 
Dicer , a fragment of the guide strand remains associated in an appropriate assay of dsRNA activity ( e.g. , an in vitro 
with RISC , binds a target RNA as a component of the RISC assay as described in Example 2 below ) , or , in further 
complex , and promotes cleavage of a target RNA by RISC . examples , a dsRNA that is sufficiently complementary to a 
As used herein , the guide strand does not necessarily refer target RNA or cDNA sequence to trigger the destruction of 
to a continuous single stranded nucleic acid and may com- 25 the target RNA by the RNAi machinery or process can be 
prise a discontinuity , preferably at a site that is cleaved by identified as a dsRNA that produces at least a 5 % , at least a 
Dicer . A guide strand is an antisense strand . 10 % , at least a 15 % , at least a 20 % , at least a 25 % , at least 
As used herein , “ passenger strand ” refers to an oligo- a 30 % , at least a 35 % , at least a 40 % , at least a 45 % , at least 

nucleotide strand of a dsRNA or dsRNA - containing mol- a 50 % , at least a 55 % , at least a 60 % , at least a 65 % , at least 
ecule , which has a sequence that is complementary to that of 30 a 70 % , at least a 75 % , at least a 80 % , at least a 85 % , at least 
the guide strand . As used herein , the passenger strand does a 90 % , at least a 95 % , at least a 98 % or at least a 99 % 
not necessarily refer to a continuous single stranded nucleic reduction in the level of the target RNA in an appropriate 
acid and may comprise a discontinuity , preferably at a site assay of dsRNA activity . In additional examples , a dsRNA 
that is cleaved by Dicer . A passenger strand is a sense strand . that is sufficiently complementary to a target RNA or cDNA 
By “ target nucleic acid ” is meant a nucleic acid sequence 35 sequence to trigger the destruction of the target RNA by the 

whose expression , level or activity is to be modulated . The RNAi machinery or process can be identified based upon 
target nucleic acid can be DNA or RNA . For agents that assessment of the duration of a certain level of inhibitory 
target a - 1 antitrypsin , in certain embodiments , the target activity with respect to the target RNA or protein levels in 
nucleic acid is a - 1 antitrypsin RNA , e.g. , in certain embodi- a cell or organism . For example , a dsRNA that is sufficiently 
ments , a - 1 antitrypsin mRNA . a - 1 antitrypsin RNA target 40 complementary to a target RNA or cDNA sequence to 
sites can also interchangeably be referenced by correspond- trigger the destruction of the target RNA by the RNAi 
ing cDNA sequences . Levels of a - 1 antitrypsin may also be machinery or process can be identified as a dsRNA capable 
targeted via targeting of upstream effectors of a - 1 antit- of reducing target mRNA levels by at least 20 % at least 48 
rypsin , or the effects of modulated or misregulated a - 1 hours post - administration of said dsRNA to a cell or organ 
antitrypsin may also be modulated by targeting of molecules 45 ism . Preferably , a dsRNA that is sufficiently complementary 
downstream of a - 1 antitrypsin in the a - 1 antitrypsin signal- to a target RNA or cDNA sequence to trigger the destruction 
ling pathway . of the target RNA by the RNAi machinery or process is 
By “ complementarity ” is meant that a nucleic acid can identified as a dsRNA capable of reducing target mRNA 

form hydrogen bond ( s ) with another nucleic acid sequence levels by at least 40 % at least 72 hours post - administration 
by either traditional Watson - Crick or other non - traditional 50 of said dsRNA to a cell or organism , by at least 40 % at least 
types . In reference to the nucleic molecules of the present four , five or seven days post - administration of said dsRNA 
invention , the binding free energy for a nucleic acid mol- to a cell or organism , by at least 50 % at least 48 hours 
ecule with its complementary sequence is sufficient to allow post - administration of said dsRNA to a cell or organism , by 
the relevant function of the nucleic acid to proceed , e.g. , at least 50 % at least 72 hours post - administration of said 
RNAi activity . Determination of binding free energies for 55 dsRNA to a cell or organism , by at least 50 % at least four , 
nucleic acid molecules is well known in the art ( see , e.g. , five or seven days post - administration of said dsRNA to a 
Turner et al . , 1987 , CSH Symp . Quant . Biol . LII pp . 123- cell or organism , by at least 80 % at least 48 hours post 
133 ; Frier et al . , 1986 , Proc . Nat . Acad . Sci . USA 83 : 9373- administration of said dsRNA to a cell or organism , by at 
9377 ; Turner et al . , 1987 , J. Am . Chem . Soc . 109 : 3783- least 80 % at least 72 hours post - administration of said 
3785 ) . A percent complementarity indicates the percentage 60 dsRNA to a cell or organism , or by at least 80 % at least four , 
of contiguous residues in a nucleic acid molecule that can five or seven days post - administration of said dsRNA to a 
form hydrogen bonds ( e.g. , Watson - Crick base pairing ) with cell or organism . 
a second nucleic acid sequence ( e.g. , 5 , 6 , 7 , 8 , 9 , or 10 In certain embodiments , a nucleic acid of the invention 
nucleotides out of a total of 10 nucleotides in the first ( e.g. , a DsiRNA or siRNA ) possesses a sequence “ suffi 
oligonucleotide being based paired to a second nucleic acid 65 ciently complementary to hybridize ” to a target RNA or 
sequence having 10 nucleotides represents 50 % , 60 % , 70 % , cDNA sequence , thereby achieving an inhibitory effect upon 
80 % , 90 % , and 100 % complementary respectively ) . “ Per- the target RNA . Hybridization , and conditions available for 
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determining whether one nucleic acid is sufficiently comple- agents may include starch and gelatin , while the lubricating 
mentary to another nucleic acid to allow the two sequences agent , if present , will generally be magnesium stearate , 
to hybridize , is described in greater detail below . stearic acid or talc . If desired , the tablets may be coated with 
As used herein " cell ” is used in its usual biological sense , a material such as glyceryl monostearate or glyceryl dis 

and does not refer to an entire multicellular organism , e.g. , 5 tearate , to delay absorption in the gastrointestinal tract . The 
specifically does not refer to a human . The cell can be pharmaceutically acceptable carrier of the disclosed dsRNA present in an organism , e.g. , birds , plants and mammals such compositions may be micellar structures , such as a lipo as humans , cows , sheep , apes , monkeys , swine , dogs , and somes , capsids , capsoids , polymeric nanocapsules , or poly cats . The cell can be prokaryotic ( e.g. , bacterial cell ) or meric microcapsules . eukaryotic ( e.g. , mammalian or plant cell ) . The cell can be 10 Polymeric nanocapsules or microcapsules facilitate trans of somatic or germ line origin , totipotent or pluripotent , port and release of the encapsulated or bound dsRNA into dividing or non - dividing . The cell can also be derived from the cell . They include polymeric and monomeric materials , or can comprise a gamete or embryo , a stem cell , or a fully 
differentiated cell . Within certain aspects , the term “ cell ” especially including polybutylcyanoacrylate . A summary of 
refers specifically to mammalian cells , such as human cells , 15 materials and fabrication methods has been published ( see 
that contain one or more dsRNA molecules of the present Kreuter , 1991 ) . The polymeric materials which are formed 
disclosure . In particular aspects , a cell processes dsRNAs or from monomeric and / or oligomeric precursors in the polym 
dsRNA - containing molecules resulting in RNA interference erization / nanoparticle generation step , are per se known 
of target nucleic acids , and contains proteins and protein from the prior art , as are the molecular weights and molecu 
complexes required for RNAi , e.g. , Dicer and RISC . 20 lar weight distribution of the polymeric material which a 
By “ RNA ” is meant a molecule comprising at least one , person skilled in the field of manufacturing nanoparticles 

and preferably at least 4 , 8 and 12 ribonucleotide residues . may suitably select in accordance with the usual skill . 
The at least 4 , 8 or 12 RNA residues may be contiguous . By The term “ in vitro ” has its art recognized meaning , e.g. , 
“ ribonucleotide ” is meant a nucleotide with a hydroxyl involving purified reagents or extracts , e.g. , cell extracts . 
group at the 2 ' position of a B - D - ribofuranose moiety . The 25 The term “ in vivo ” also has its art recognized meaning , e.g. , 
terms include double - stranded RNA , single - stranded RNA , involving living cells , e.g. , immortalized cells , primary cells , 
RNA such as partially purified RNA , essentially pure RNA , cell lines , and / or cells in an organism . 
synthetic RNA , recombinantly produced RNA , as well as “ Treatment ” , or treating ” as used herein , is defined as the altered RNA that differs from naturally occurring RNA by 
the addition , deletion , substitution and / or alteration of one or 30 dsRNA agent or a vector or transgene encoding same ) to a 

application or administration of a therapeutic agent ( e.g. , a 
more nucleotides . Such alterations can include addition of patient , or application or administration of a therapeutic non - nucleotide material , such as to the end ( s ) of the dsRNA agent to an isolated tissue or cell line from a patient , who has or internally , for example at one or more nucleotides of the 
RNA . Nucleotides in the RNA molecules of the instant a disorder with the purpose to cure , heal , alleviate , relieve , 
invention can also comprise non - standard nucleotides , such 35 alter , remedy , ameliorate , improve or affect the disease or 
as non - naturally occurring nucleotides or chemically syn disorder , or symptoms of the disease or disorder . The term 
thesized nucleotides or deoxynucleotides . These altered " treatment ” or “ treating ” is also used herein in the context of 
RNAs can be referred to as analogs or analogs of naturally administering agents prophylactically . The term “ effective 
occurring RNA . dose " or " effective dosage ” is defined as an amount suffi 

In certain embodiments , an RNAi agent ( e.g. , dsRNA ) of 40 cient to achieve or at least partially achieve the desired 
the invention can be an " isolated ” RNAi agent , meaning that effect . The term “ therapeutically effective dose ” is defined as 
the RNAi agent is isolated from ( removed and / or purified an amount sufficient to cure or at least partially arrest the 
from ) a natural environment . disease and its complications in a patient already suffering 

In some embodiments , an RNAi agent ( e.g. , dsRNA ) of from the disease . The term “ patient ” includes human and 
the invention can be a “ synthetic ” RNAi agent . The term 45 other mammalian subjects that receive either prophylactic or 
" synthetic ” or “ non - natural ” refers to an RNAi agent ( e.g. , therapeutic treatment . 
a dsRNA of the disclosure ) that ( i ) is synthesized using a Various methodologies of the instant invention include at 
machine or ( ii ) that is not derived from a cell or organism least one step that involves comparing a value , level , feature , 
that normally produces the RNAi agent . characteristic , property , etc. to a “ suitable control ” , referred 
By “ subject " is meant an organism , which is a donor or 50 to interchangeably herein as an “ appropriate control ” . A 

recipient of explanted cells or the cells themselves . “ Sub- “ suitable control ” or “ appropriate control ” is a control or 
ject ” also refers to an organism to which the dsRNA agents standard familiar to one of ordinary skill in the art useful for 
of the invention can be administered . A subject can be a comparison purposes . In one embodiment , a “ suitable con 
mammal or mammalian cells , including a human or human trol ” or “ appropriate control ” is a value , level , feature , 
cells . 55 characteristic , property , etc. determined prior to performing 
The phrase " pharmaceutically acceptable carrier ” refers an RNAi methodology , as described herein . For example , a 

to a carrier for the administration of a therapeutic agent . transcription rate , mRNA level , translation rate , protein 
Exemplary carriers include saline , buffered saline , dextrose , level , biological activity , cellular characteristic or property , 
water , glycerol , ethanol , and combinations thereof . For genotype , phenotype , etc. can be determined prior to intro 
drugs administered orally , pharmaceutically acceptable car- 60 ducing an RNA silencing agent ( e.g. , DsiRNA ) of the 
riers include , but are not limited to pharmaceutically accept- invention into a cell or organism . In another embodiment , a 
able excipients such as inert diluents , disintegrating agents , “ suitable control ” or “ appropriate control ” is a value , level , 
binding agents , lubricating agents , sweetening agents , fla- feature , characteristic , property , etc. determined in a cell or 
voring agents , coloring agents and preservatives . Suitable organism , e.g. , a control or normal cell or organism , exhib 
inert diluents include sodium and calcium carbonate , sodium 65 iting , for example , normal traits . In yet another embodiment , 
and calcium phosphate , and lactose , while corn starch and a “ suitable control ” or “ appropriate control ” is a predefined 
alginic acid are suitable disintegrating agents . Binding value , level , feature , characteristic , property , etc. 

a 



a 

10 

15 

the lur 

30 

US 11,459,566 B1 
29 30 

a - 1 Antitrypsin as an RNAi Target at risk of smoking injury , and lung - directed RNAi therapeu 
Alpha 1 - antitrypsin ( AAT or Serpinal ) is a protease tics such as those described herein offer an attractive and 

inhibitor belonging to the serpin superfamily . It is generally precise therapy . 
known as serum trypsin inhibitor . Alpha 1 - antitrypsin is also a - 1 Antitrypsin cDNA and Polypeptide Sequences 
referred to as alpha - 1 proteinase inhibitor ( A1PI ) because it 5 Known human and mouse a - 1 antitrypsin cDNA and 
inhibits a wide variety of proteases ( Gettins PG . Chem Rev polypeptide sequences include the following : human a - 1 

antitrypsin NM_000295.4 and corresponding human a - 1 102 : 4751-804 ) . It protects tissues from enzymes of inflam antitrypsin polypeptide sequence GenBank Accession No. matory cells , especially neutrophil elastase , and has a ref NP_000286.3 ; and mouse wild - type a - 1 antitrypsin 
erence range in blood of 1.5-3.5 gram / liter , but multi - fold sequence GenBank Accession No. NM_009246.3 ( Mus 
elevated levels can occur upon acute inflammation ( Kush- musculus C57BL / 6 Serpinald ) and corresponding mouse 
ner , Mackiewicz . Acute - phase glycoproteins : molecular Serpinald sequence GenBank Accession No. NP_033272.1 . 
biology , biochemistry and clinical applications ( CRC Press ) . Assessment of a - 1 Antitrypsin Levels 
pp . 3-19 ) . In the absence of AAT , neutrophil elastase is free In certain embodiments , dsRNA - mediated inhibition of a 
to break down elastin , which contributes to the elasticity of a - 1 antitrypsin target sequence is assessed . In such embodi 
the lungs , resulting in respiratory complications such as ments , a - 1 antitrypsin RNA levels can be assessed by 

art - recognized methods ( e.g. , RT - PCR , Northern blot , emphysema , or COPD ( chronic obstructive pulmonary dis expression array , etc. ) , optionally via comparison of a - 1 ease ) in adults and cirrhosis in adults or children . Individuals antitrypsin levels in the presence of an anti - a - 1 antitrypsin 
with mutations in one or both copies of the AAT gene can dsRNA of the invention relative to the absence of such an 
suffer from alpha - 1 anti - trypsin deficiency , which presents 20 anti - a - 1 antitrypsin dsRNA . In certain embodiments , a - 1 
as a risk of developing pulmonary emphysema or chronic antitrypsin levels in the presence of an anti - a - 1 antitrypsin 
liver disease due to greater than normal elastase activity in dsRNA are compared to those observed in the presence of 

and liver . vehicle alone , in the presence of a dsRNA directed against 
As mentioned above , in certain disease states associated an unrelated target RNA , or in the absence of any treatment . 

It is also recognized that levels of a - 1 antitrypsin protein with a - 1 antitrypsin expression , an individual is producing 25 can be assessed and that a - 1 antitrypsin protein levels are , significant quantities of alpha - 1 antitrypsin , but a significant under different conditions , either directly or indirectly proportion of the a - 1 antitrypsin protein being produced is related to a - 1 antitrypsin RNA levels and / or the extent to 
misfolded or contains mutations that compromise the func- which a dsRNA inhibits a - 1 antitrypsin expression , thus 
tioning of the protein . In certain such cases , the individual is art - recognized methods of assessing a - 1 antitrypsin protein 
producing misfolded proteins which cannot be properly levels ( e.g. , Western blot , immunoprecipitation , other anti 
transported from the site of synthesis to the site of action body - based methods , etc. ) can also be employed to examine 
within the body . the inhibitory effect of a dsRNA of the invention . 

Liver disease resulting from a - 1 antitrypsin deficiency In certain embodiments , potency of a dsRNA of the 
can be caused by such misfolded proteins . Mutant forms of invention is determined in reference to the number of copies 
a - 1 antitrypsin ( e.g. , the common PiZ variant , which harbors 35 of a dsRNA present in the cytoplasm of a target cell that are 

required to achieve a certain level of target gene knockdown . a glutamate to lysine mutation at position 342 ( position 366 For example , in certain embodiments , a potent dsRNA is one in pre - processed form ) ) are produced in liver cells ( hepato capable of causing 50 % or greater knockdown of a target cytes in the liver commonly produce a large amount of mRNA when present in the cytoplasm of a target cell at a 
circulating AAT ) , and in the misfolded configuration , such 40 copy number of 1000 or fewer RISC - loaded antisense 
forms are not readily transported out of the cells . This leads strands per cell . More preferably , a potent dsRNA is one 
to a buildup of misfolded protein in the liver cells and can capable of producing 50 % or greater knockdown of a target 
cause one or more diseases or disorders of the liver includ- mRNA when sent in the cytoplasm of a ta cell at a 
ing , but not limited to , chronic liver disease , liver inflam copy number of 500 or fewer RISC - loaded antisense strands 
mation , cirrhosis , liver fibrosis , and / or hepatocellular carci- 45 per cell . Optionally , a potent dsRNA is one capable of producing 50 % or greater knockdown of a target mRNA 
RNAi therapies are newly identified to provide an attrac when present in the cytoplasm of a target cell at a copy 

number of 300 or fewer RISC - loaded antisense strands per tive , targeted means of treating the effects of mutant forms cell . of a - 1 antitrypsin at a molecular level . Notably , RNAi 
therapies , such as the dsRNAs that are specifically exem- 50 invention can be defined in reference to a 19 to 23mer In further embodiments , the potency of a DsiRNA of the 
plified herein , have demonstrated particularly good ability to dsRNA directed to the same target sequence within the same be delivered to the cells of the liver in vivo ( via , e.g. , lipid target gene . For example , a DsiRNA of the invention that nanoparticles and / or conjugates such as dynamic polycon possesses enhanced potency relative to a corresponding 19 jugates or GalNAc conjugates ) . Thus , formulated RNAi to 23mer dsRNA can be a DsiRNA that reduces a target gene 
therapies , such as those described herein , are attractive 55 by an additional 5 % or more , an additional 10 % or more , an 
modalities for treating or preventing diseases or disorders additional 20 % or more , an additional 30 % or more , an 
( especially the liver - specific diseases or disorders , e.g. , additional 40 % or more , or an additional 50 % or more as 
chronic liver disease , liver inflammation , cirrhosis , liver compared to a corresponding 19 to 23mer dsRNA , when 
fibrosis , and / or hepatocellular carcinoma ) associated with assayed in an in vitro assay as described herein at a suffi 
mutant forms of a - 1 antitrypsin . 60 ciently low concentration to allow for detection of a potency 

Use of RNAi therapies to target a - 1 antitrypsin at a difference ( e.g. , transfection concentrations at or below 1 
molecular level in other tissues is also contemplated . Most nM in the environment of a cell , at or below 100 PM in the 
notably , in the lung , the presence of mutant , inactive forms environment of a cell , at or below 10 PM in the environment 
of a - 1 antitrypsin in the serum can cause a deficiency in of a cell , at or below 1 nM in the environment of a cell , in 
serum levels of active a - 1 antitrypsin , resulting in host 65 an in vitro assay as described herein ; notably , it is recog 
tissues that are susceptible to damage by neutrophil pro- nized that potency differences can be best detected via 
teases . As a result , such lung tissues are rendered especially performance of such assays across a range of concentra 
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tions - e.g . , 0.1 PM to 10 nM — for purpose of generating a vehicle - treated or untreated controls . Primary and secondary 
dose - response curve and identifying an IC50 value associ- lead reagents are chosen for the target and optimization 
ated with a DsiRNA / dsRNA ) . performed . 

In certain embodiments , a nucleic acid of the invention is TAQMAN? ( Real - Time PCR Monitoring of Amplifica 
administered in an amount sufficient to reduce a - 1 antit- 5 tion ) and Lightcycler Quantification of mRNA 
rypsin target mRNA expression when the nucleic acid is Total RNA is prepared from cells following DsiRNA 
introduced into a mammalian cell . In exemplary embodi delivery , for example , using Ambion Rnaqueous 4 - PCR 
ments , reduction of a - 1 antitrypsin target mRNA expression purification kit for large scale extractions , or Promega SV96 
is assessed to have occurred if a - 1 antitrypsin target mRNA for 96 - well assays . For Taqman analysis , dual - labeled 
levels are decreased by at least 5 % or more , 10 % or more , 10 probes are synthesized with , for example , the reporter dyes 

FAM or VIC covalently linked at the 5 - end and the 20 % or more , 30 % or more , 40 % or more , 50 % or more , quencher dye TAMRA conjugated to the 3 ' - end . PCR ampli 60 % or more , 70 % or more , 80 % or more , or 90 % or more , fications are performed on , for example , an ABI PRISM as compared to a corresponding mammalian cell adminis 7700 Sequence detector using 50 uL reactions consisting of 
tered an appropriate control that does not include the a - 1 15 10 uL total RNA , 100 nM forward primer , 100 mM reverse 
antitryp sin - targeting nucleic acid of the invention . In an primer , 100 nM probe , 1xTaqMan PCR reaction buffer 
exemplary embodiment , the mammalian cell used to deter ( PE - Applied Biosystems ) , 5.5 mM MgCl2 , 100 uM each 
mine whether reduction of a - 1 antitrypsin target mRNA DATP , DCTP , dGTP and DTTP , 0.20 RNase Inhibitor ( Pro 
expression has occurred relative to an appropriate control is mega ) , 0.025U AmpliTaq Gold ( PE - Applied Biosystems ) 
a Huh7 cell , and the a - 1 antitrypsin - targeting nucleic acid of 20 and 0.20 M - MLV Reverse Transcriptase ( Promega ) . The 
the invention is optionally administered via transfection thermal cycling conditions can consist of 30 minutes at 48 ° 
( e.g. , using LipofectamineTM ) at a concentration of at or C. , 10 minutes at 95 ° C. , followed by 40 cycles of 15 
below 1 nM in the environment of a cell , at or below 100 PM seconds at 95 ° C. and 1 minute at 60 ° C. Quantitation of 
in the environment of a cell , at or below 10 PM in the target a - 1 antitrypsin mRNA level is determined relative to 
environment of a cell , at or below 1 nM in the environment 25 standards generated from serially diluted total cellular RNA 
of a cell , in an in vitro assay as described herein . ( 300 , 100 , 30 , 10 ng / rxn ) and normalizing to , for example , 
a - 1 antitrypsin inhibitory levels and / or a - 1 antitrypsin HPRT1 mRNA in either parallel or same tube TaqMan 

levels may also be assessed indirectly , e.g. , measurement of reactions . 
a reduction of the size , number and / or rate of growth or Western Blotting 
spread of polyps or tumors in a subject may be used to assess 30 Cellular protein extracts can be prepared using a standard 
a - 1 antitrypsin levels and / or a - 1 antitrypsin inhibitory effi- micro preparation technique ( for example using RIPA buf 
cacy of a double - stranded nucleic acid of the instant inven- fer ) , or preferably , by extracting nuclear proteins by a 
tion . method such as the NE - PER Nuclear and Cytoplasmic 
Models Useful to Evaluate the Down - Regulation of a - 1 Extraction kit ( Thermo - Fisher Scientific ) . Cellular protein 
Antitrypsin mRNA Levels and Expression 35 extracts are run on Tris - Glycine polyacrylamide gel and 

Therapeutic agents can be tested in selected animal transferred onto membranes . Non - specific binding can be 
model ( s ) . For example , a dsRNA agent ( or expression vector blocked by incubation , for example , with 5 % non - fat milk 
or transgene encoding same ) as described herein can be used for 1 hour followed by primary antibody for 16 hours at 4 ° 
in an animal model to determine the efficacy , toxicity , or side C. Following washes , the secondary antibody is applied , for 
effects of treatment with said agent . Alternatively , an agent 40 example ( 1 : 10,000 dilution ) for 1 hour at room temperature 
( e.g. , a therapeutic agent ) can be used in an animal model to and the signal detected on a VersaDoc imaging system 
determine the mechanism of action of such an agent . In several cell culture systems , cationic lipids have been 
Cell Culture shown to enhance the bioavailability of oligonucleotides to 

The dsRNA agents of the invention can be tested for cells in culture ( Bennet , et al . , 1992 , Mol . Pharmacology , 41 , 
cleavage activity in vivo , for example , using the following 45 1023-1033 ) . In one embodiment , dsRNA molecules of the 
procedure . The nucleotide sequences within the a - 1 antit- invention are complexed with cationic lipids for cell culture 
rypsin cDNA targeted by the dsRNA agents of the invention experiments . dsRNA and cationic lipid mixtures are pre 
are shown in the above a - 1 antitrypsin sequences . pared in serum - free OptimMEM ( In Vitrogen ) immediately 

The dsRNA reagents of the invention can be tested in cell prior to addition to the cells . OptiMEM is warmed to room 
culture using Huh7 or other mammalian cells ( e.g. , human 50 temperature ( about 20-25 ° C. ) and cationic lipid is added to 
cell lines Hep3B , HepG2 , DU145 , Calu3 , SW480 , 184 , the final desired concentration . dsRNA molecules are added 
PL45 , Hela etc. , and mouse cell lines AML12 , Neuro2a , to OptiMEM to the desired concentration and the solution is 
etc. ) to determine the extent of a - 1 antitrypsin RNA and a - 1 added to the diluted dsRNA and incubated for 15 minutes at 
antitrypsin protein inhibition . In certain embodiments , room temperature . In dose response experiments , the RNA 
DsiRNA reagents ( e.g. , see FIG . 1 , and exemplary structures 55 complex is serially diluted into OptiMEM prior to addition 
recited elsewhere herein ) are selected against the a - 1 anti- of the cationic lipid . 
trypsin target as described herein . a - 1 antitrypsin RNA Animal Models 
inhibition is measured after delivery of these reagents by a The efficacy of anti - c - 1 antitrypsin dsRNA agents may be 
suitable transfection agent to , for example , cultured Huh7 evaluated in an animal model . Animal models of liver 
cells or other transformed or non - transformed mammalian 60 diseases , conditions , or disorders as are known in the art can 
cells in culture . Relative amounts of target a - 1 antitrypsin be used for evaluation of the efficacy , potency , toxicity , etc. 
RNA are measured versus HPRT1 , actin or other appropriate of anti - a - 1 antitrypsin dsRNAs . Exemplary animals model 
control using real - time PCR monitoring of amplification of a - 1 antitrypsin - induced liver disease are transgenic mice 
( e.g. , ABI 7700 TAQMAN® ) . A comparison is made to the that express human a - 1 antitrypsin mutant Z protein , Piz , 
activity of oligonucleotide sequences made to unrelated 65 which recapitulate the human liver disease and exhibit 
targets or to a randomized DsiRNA control with the same inflammation , increased levels of apoptosis and autophagy , 
overall length and chemistry , or simply to appropriate accelerated proliferation and enhanced development of 
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hepatic progenitor cells ( the behavior of such models also 27 nucleotides in length , are completely complementary and 
suggest the employment of antioxidants in combination with have blunt ends . In certain embodiments of the instant 
anti - a - 1 antitrypsin dsRNAs in treatment of liver disease ; invention , the first and second sequences of an anti - a - 1 
Marcus et al . Exper Biol Med 237 : 1163-1172 ; Teckman et antitrypsin DsiRNA exist on separate RNA oligonucleotides 
al . Am J Physiol Gastrointest Liver Physiol 286 : G851-62 ; 5 ( strands ) . In one embodiment , one or both oligonucleotide 
Rudnick et al . Hepatology 39 : 1048-55 ; Brunt et al . J strands are capable of serving as a substrate for Dicer . In 
Pediatr Gastroenterol Nutr 51 : 626-30 ) . Such mice are other embodiments , at least one modification is present that 
available , for example , from Saint Louis University . These promotes Dicer to bind to the double - stranded RNA struc 
animal models may be used as a source cells or tissue for ture in an orientation that maximizes the double - stranded 
assays of the compositions of the invention . Such models 10 RNA structure's effectiveness in inhibiting gene expression . 
can also be used or adapted for use for pre - clinical evalua- In certain embodiments of the instant invention , the anti - a - 1 
tion of the efficacy of dsRNA compositions of the invention antitrypsin DsiRNA agent is comprised of two oligonucle 
in modulating a - 1 antitrypsin gene expression toward thera- otide strands of differing lengths , with the anti - a - 1 antit 
peutic use . rypsin DsiRNA possessing a blunt end at the 3 ' terminus of 

Such models and / or wild - type mice can be used in evalu- 15 a first strand ( sense strand ) and a 3 ' overhang at the 3 ' 
ating the efficacy of dsRNA molecules of the invention to terminus of a second strand ( antisense strand ) . The DsiRNA 
inhibit a - 1 antitrypsin levels , expression , development of can also contain one or more deoxyribonucleic acid ( DNA ) 
a - 1 antitrypsin - associated phenotypes , diseases or disor- base substitutions . 
ders , etc. These models , wild - type mice and / or other models Suitable DsiRNA compositions that contain two separate 
can similarly be used to evaluate the safety / toxicity and 20 oligonucleotides can be chemically linked outside their 
efficacy of dsRNA molecules of the invention in a pre- annealing region by chemical linking groups . Many suitable 
clinical setting . chemical linking groups are known in the art and can be 

Specific examples of animal model systems useful for used . Suitable groups will not block Dicer activity on the 
evaluation of the a - 1 antitrypsin - targeting dsRNAs of the DsiRNA and will not interfere with the directed destruction 
invention include wild - type mice and transgenic PiZ mutant 25 of the RNA transcribed from the target gene . Alternatively , 
model mice . In an exemplary in vivo experiment , dsRNAs the two separate oligonucleotides can be linked by a third 
of the invention are tail vein injected into such mouse oligonucleotide such that a hairpin structure is produced 
models at doses ranging from 1 to 10 mg / kg or , alternatively , upon annealing of the two oligonucleotides making up the 
repeated doses are administered at single - dose IC50 levels , DsiRNA composition . The hairpin structure will not block 
and organ samples ( e.g. , liver , but may also include prostate , 30 Dicer activity on the DsiRNA and will not interfere with the 
kidney , lung , pancreas , colon , skin , spleen , bone marrow , directed destruction of the target RNA . 
lymph nodes , mammary fat pad , etc. ) are harvested 24 hours The dsRNA molecule can be designed such that every 
after administration of the final dose . Such organs are then residue of the antisense strand is complementary to a residue 
evaluated for mouse and / or human a - 1 antitrypsin levels , in the target molecule . Alternatively , substitutions can be 
depending upon the model used . Duration of action can also 35 made within the molecule to increase stability and / or 
be examined at , e.g. , 1 , 4 , 7 , 14 , 21 or more days after final enhance processing activity of said molecule . Substitutions 
dsRNA administration . can be made within the strand or can be made to residues at 
a - 1 Antitrypsin - Targeting dsRNAS the ends of the strand . In certain embodiments , substitutions 

In certain embodiments , an anti - a - 1 antitrypsin DsiRNA and / or modifications are made at specific residues within a 
of the instant invention possesses strand lengths of at least 40 DsiRNA agent . Such substitutions and / or modifications can 
25 nucleotides . Accordingly , in certain embodiments , an include , e.g. , deoxy - modifications at one or more residues of 
anti - a - 1 antitrypsin DsiRNA contains one oligonucleotide positions 1 , 2 and 3 when numbering from the 3 ' terminal 
sequence , a first sequence , that is at least 25 nucleotides in position of the sense strand of a DsiRNA agent ; and intro 
length and no longer than 35 or up to 50 or more nucleotides . duction of 2 ' - O - alkyl ( e.g. , 2 - O - methyl ) modifications at the 
This sequence of RNA can be between 26 and 35 , 26 and 34 , 45 3 ' terminal residue of the antisense strand of DsiRNA agents , 
26 and 33 , 26 and 32 , 26 and 31 , 26 and 30 , and 26 and 29 with such modifications also being performed at overhang 
nucleotides in length . This sequence can be 27 or 28 positions of the 3 ' portion of the antisense strand and at 
nucleotides in length or 27 nucleotides in length . The second alternating residues of the antisense strand of the DsiRNA 
sequence of the DsiRNA agent can be a sequence that that are included within the region of a DsiRNA agent that 
anneals to the first sequence under biological conditions , 50 is processed to form an active siRNA agent . The preceding 
such as within the cytoplasm of a eukaryotic cell . Generally , modifications are offered as exemplary , and are not intended 
the second oligonucleotide sequence will have at least 19 to be limiting in any manner . Further consideration of the 
complementary base pairs with the first oligonucleotide structure of preferred DsiRNA agents , including further 
sequence , more typically the second oligonucleotide description of the modifications and substitutions that can be 
sequence will have 21 or more complementary base pairs , or 55 performed upon the anti - a - 1 antitrypsin DsiRNA agents of 
25 or more complementary base pairs with the first oligo- the instant invention , can be found below . 
nucleotide sequence . In one embodiment , the second A dsRNA of the invention comprises two RNA strands 
sequence is the same length as the first sequence , and the that are sufficiently complementary to hybridize to form a 
DsiRNA agent is blunt ended . In another embodiment , the duplex structure . One strand of the dsRNA ( the antisense 
ends of the DsiRNA agent have one or more overhangs . 60 strand ) comprises a region of complementarity that is sub 

In certain embodiments , the first and second oligonucle- stantially complementary , and generally fully complemen 
otide sequences of the DsiRNA agent exist on separate tary , to a target sequence , derived from the sequence of an 
oligonucleotide strands that can be and typically are chemi- mRNA formed during the expression of the a - 1 antitrypsin 
cally synthesized . In some embodiments , both strands are target gene , the other strand ( the sense strand ) comprises a 
between 26 and 35 nucleotides in length . In other embodi- 65 region which is complementary to the antisense strand , such 
ments , both strands are between 25 and 30 or 26 and 30 that the two strands hybridize and form a duplex structure 
nucleotides in length . In one embodiment , both strands are when combined under suitable conditions . Generally , the 
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duplex structure is between 15 and 35 , optionally between 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 
25 and 30 , between 26 and 30 , between 18 and 25 , between 51 , 52 or 53 nucleotides in length . For DsiRNAs possessing 
19 and 24 , or between 19 and 21 base pairs in length . a strand that exceeds 30 nucleotides in length , available 
Similarly , the region of complementarity to the target structures include those where only one strand exceeds 30 
sequence is between 15 and 35 , optionally between 18 and 5 nucleotides in length ( see , e.g. , U.S. Pat . No. 8,349,809 ) , or 
30 , between 25 and 30 , between 19 and 24 , or between 19 those where both strands exceed 30 nucleotides in length 
and 21 nucleotides in length . The dsRNA of the invention ( see , e.g. , WO 2010/080129 ) . Stabilizing modifications 
may further comprise one or more single - stranded nucleo- ( e.g. , 2 - O - Methyl , phosphorothioate , deoxyribonucleotides , 
tide overhang ( s ) . It has been identified that dsRNAs com- including dNTP base pairs , etc. ) can be incorporated within 
prising duplex structures of between 15 and 35 base pairs in 10 any double stranded nucleic acid of the invention , and can 
length can be effective in inducing RNA interference , be used in particular within DsiRNAs possessing one or both 
including DsiRNAs ( generally of at least 25 base pairs in strands exceeding 30 nucleotides in length . While the guide 
length ) and siRNAs ( in certain embodiments , duplex struc- strand of a double stranded nucleic acid of the invention 
tures of siRNAs are between 20 and 23 , and optionally , must possess a sequence of , e.g. , 15 , 16 , 17 , 18 or 19 
specifically 21 base pairs ( Elbashir et al . , EMBO 20 : 6877- 15 nucleotides that are complementary to a target RNA ( e.g. , 
6888 ) ) . It has also been identified that dsRNAs possessing mRNA ) , additional sequence ( s ) of the guide strand need not 
duplexes shorter than 20 base pairs can be effective as well be complementary to the target RNA . The end structures of 
( e.g. , 15 , 16 , 17 , 18 or 19 base pair duplexes ) . In certain double stranded nucleic acids possessing at least one strand 
embodiments , the dsRNAs of the invention can comprise at length in excess of 30 nucleotides can also be varied while 
least one strand of a length of 19 nucleotides or more . In 20 continuing to yield functional dsNAs — e.g . the 5 ' end of the 
certain embodiments , it can be reasonably expected that guide strand and the 3 ' end of the passenger strand may form 
shorter dsRNAs comprising a sequence complementary to a 5 ' - overhang , a blunt end or a 3 ' overhang ( for certain 
one of the sequences of Tables 5 , 10 , 15 or 20 , minus only dsNAs , e.g. , " single strand extended ” ds NAs , the length of 
a few nucleotides on one or both ends may be similarly such a 5'or 3 ' overhang can be 1-4 , 1-5 , 1-6 , 1-10 , 1-15 , 1-20 
effective as compared to the dsRNAs described above and in 25 or even 1-25 or more ) ; similarly , the 3 ' end of the guide 
Tables 2-3 , 7-8 , 12-13 and 17-18 . Hence , dsRNAs compris- strand and the 5 ' end of the passenger strand may form a 
ing a partial sequence of at least 15 , 16 , 17 , 18 , 19 , 20 , or 5 ' - overhang , a blunt end or a 3 ' overhang ( for certain dsNAs , 
more contiguous nucleotides sufficiently complementary to e.g. , " single strand extended ” dsNAs , the length of such a 5 ' 
one of the sequences of Tables 5 , 10 , 15 or 20 , and differing or 3 ' overhang can be 1-4 , 1-5 , 1-6 , 1-10 , 1-15 , 1-20 or even 
in their ability to inhibit the expression of the a - 1 antitrypsin 30 1-25 or more ) . In certain embodiments , the length of the 
target gene in an assay as described herein by not more than passenger strand is 31-49 nucleotides while the length of the 
5 , 10 , 15 , 20 , 25 , or 30 % inhibition from a dsRNA com- guide strand is 31-53 nucleotides , optionally while the 5 ' end 
prising the full sequence , are contemplated by the invention . of the guide strand forms a blunt end ( optionally , a base 
In one embodiment , at least one end of the dsRNA has a paired blunt end ) with the 3 ' end of the passenger strand , 
single - stranded nucleotide overhang of 1 to 5 , optionally 1 35 optionally , with the 3 ' end of the guide strand and the 5 ' end 
to 4 , in certain embodiments , 1 or 2 nucleotides . Certain of the passenger strand forming a 3 ' overhang of 1-4 
dsRNA structures having at least one nucleotide overhang nucleotides in length . Exemplary “ extended ” Dicer substrate 
possess superior inhibitory properties as compared to coun- structures are set forth , e.g. , in US 2010/0173974 and U.S. 
terparts possessing base - paired blunt ends at both ends of the Pat . No. 8,349,809 , both of which are incorporated herein by 
dsRNA molecule . 40 reference . In certain embodiments , one or more strands of 

In one embodiment , dsRNA molecules of the invention the dsNA molecule of the invention independently com 
that down regulate or reduce a - 1 antitrypsin gene expression prises 19 to 35 nucleotides ( e.g. , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 
are used for treating , preventing or reducing a - 1 antitrypsin- 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 or 35 ) that are comple 
related diseases or disorders ( e.g. , liver disease ) in a subject mentary to a target ( a - 1 antitrypsin ) nucleic acid molecule . 
or organism . 45 In certain embodiments , a DsiRNA molecule of the inven 

In one embodiment of the present invention , each tion possesses a length of duplexed nucleotides between 25 
sequence of a DsiRNA molecule of the invention is inde- and 49 nucleotides in length ( e.g. , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 
pendently 25 to 35 nucleotides in length , in specific embodi- 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 
ments 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 or 35 nucleotides 48 or 49 nucleotides in length ; optionally , all such nucleo 
in length . In another embodiment , the DsiRNA duplexes of 50 tides base pair with cognate nucleotides of the opposite 
the invention independently comprise 25 to 30 base pairs strand ) . 
( e.g. , 25 , 26 , 27 , 28 , 29 , or 30 ) . In another embodiment , one In certain embodiments , a DsiRNA ( in a state as initially 
or more strands of the DsiRNA molecule of the invention formed , prior to dicer cleavage ) is more potent at reducing 
independently comprises 19 to 35 nucleotides ( e.g. , 19 , 20 , a - 1 antitrypsin target gene expression in a mammalian cell 
21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 or 35 ) 55 than a 19 , 20 , 21 , 22 or 23 base pair sequence that is 
that are complementary to a target ( a - 1 antitrypsin ) nucleic contained within it . In certain such embodiments , a DsiRNA 
acid molecule . In certain embodiments , a DsiRNA molecule prior to dicer cleavage is more potent than a 19-21mer 
of the invention possesses a length of duplexed nucleotides contained within it . Optionally , a DsiRNA prior to dicer 
between 25 and 34 nucleotides in length ( e.g. , 25 , 26 , 27 , 28 , cleavage is more potent than a 19 base pair duplex contained 
29 , 30 , 31 , 32 , 33 or 34 nucleotides in length ; optionally , all 60 within it that is synthesized with symmetric dTdT overhangs 
such nucleotides base pair with cognate nucleotides of the ( thereby forming a siRNA possessing 21 nucleotide strand 
opposite strand ) . ( Exemplary DsiRNA molecules of the lengths having dTdT overhangs ) . In certain embodiments , 
invention are shown in FIG . 1 , and below ) . the DsiRNA is more potent than a 19-23mer siRNA ( e.g. , a 

In certain additional embodiments of the present inven- 19 base pair duplex with dTdT overhangs ) that targets at 
tion , each oligonucleotide of a DsiRNA molecule of the 65 least 19 nucleotides of the 21 nucleotide target sequence that 
invention is independently 25 to 53 nucleotides in length , in is recited for a DsiRNA of the invention ( without wishing to 
specific embodiments 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , be bound by theory , the identity of a such a target site for a 
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DsiRNA is identified via identification of the Ago2 cleavage 
site for the DsiRNA ; once the Ago2 cleavage site of a 
DsiRNA is determined for a DsiRNA , identification of the 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' Ago2 cleavage site for any other inhibitory dsRNA can be 
performed and these Ago2 cleavage sites can be aligned , 5 wherein “ X ” = RNA , “ Y ” is an overhang domain comprised 
thereby determining the alignment of projected target of 1-4 RNA monomers that are optionally 2 - O - methyl RNA 
nucleotide sequences for multiple dsRNAs ) . In certain monomers , and “ D ” = DNA . In one embodiment , the top 
related embodiments , the DsiRNA is more potent than a strand is the sense strand , and the bottom strand is the 
19-23mer siRNA that targets at least 20 nucleotides of the 21 antisense strand . Alternatively , the bottom strand is the sense 
nucleotide target sequence that is recited for a DsiRNA of strand and the top strand is the antisense strand . 
the invention . Optionally , the DsiRNA is more potent than a DsiRNAs of the invention can carry a broad range of 
19-23mer siRNA that targets the same 21 nucleotide target modification patterns ( e.g. , 2 ' - O - methyl RNA patterns , e.g. , 
sequence that is recited for a DsiRNA of the invention . In within extended DsiRNA agents ) . Certain modification pat 
certain embodiments , the DsiRNA is more potent than any terns of the second strand of DsiRNAs of the invention are 
21mer siRNA that targets the same 21 nucleotide target presented below . 
sequence that is recited for a DsiRNA of the invention . In one embodiment , the DsiRNA comprises : 
Optionally , the DsiRNA is more potent than any 21 or 22mer 
siRNA that targets the same 21 nucleotide target sequence 
that is recited for a DsiRNA of the invention . In certain 20 
embodiments , the DsiRNA is more potent than any 21 , 22 or 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
23mer siRNA that targets the same 21 nucleotide target 
sequence that is recited for a DsiRNA of the invention . As wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
noted above , such potency assessments are most effectively hang domain comprised of 1-4 RNA monomers that are 
performed upon dsRNAs that are suitably formulated ( e.g. , 25 optionally 2 ' - O - methyl RNA monomers and underlined resi 
formulated with an appropriate transfection reagent ) at a dues are 2 - O - methyl RNA monomers . In a related embodi 
concentration of 1 nM or less . Optionally , an IC50 assess ment , the DsiRNA comprises : 
ment is performed to evaluate activity across a range of 
effective inhibitory concentrations , thereby allowing for 
robust comparison of the relative potencies of dsRNAs so 
assayed . 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

The dsRNA molecules of the invention are added directly , wherein " X " = RN " X " = 2 - O - methyl RN “ Y ” is an over or can be complexed with lipids ( e.g. , cationic lipids ) , 
packaged within liposomes , or otherwise delivered to target 35 optionally 2 ' - O - methyl RNA monomers and underlined resi hang domain comprised of 1-4 RNA monomers that are 
cells or tissues . The nucleic acid or nucleic acid complexes dues are 2 - O - methyl RNA monomers , and “ D ” = DNA . The can be locally administered to relevant tissues ex vivo , or in top strand is the sense strand , and the bottom strand is the vivo through direct dermal application , transdermal appli antisense strand . cation , or injection , with or without their incorporation in In another such embodiment , the DsiRNA comprises : biopolymers . In particular embodiments , the nucleic acid 40 
molecules of the invention comprise sequences shown in 
FIG . 1 , and the below exemplary structures . Examples of 
such nucleic acid molecules consist essentially of sequences 
defined in these figures and exemplary structures . Further 3 ' - YXXXXXXXXXX XXXXXXXXXX - 5 ' 

more , where such agents are modified in accordance with the 45 wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
below description of modification patterning of DsiRNA hang domain comprised of 1-4 RNA monomers that are agents , chemically modified forms of constructs described in optionally 2 - O - methyl RNA monomers and underlined resi FIG . 1 , and the below exemplary structures can be used in 
all uses described for the DsiRNA agents of FIG . 1 , and the dues are 2 - O - methyl RNA monomers . In a related embodi 
below exemplary structures . ment , the DsiRNA comprises : 

In another aspect , the invention provides mammalian cells 
containing one or more dsRNA molecules of this invention . 
The one or more dsRNA molecules can independently be 
targeted to the same or different sites . - YXXXXXXXXXX ( XXXXXXXXX - 5 ' 
Modified Structures of Anti - a - 1 Antitrypsin DsiRNAAgents 55 

In certain embodiments , the anti - a - 1 antitrypsin DsiRNA wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
agents of the invention can have the following structures : hang domain comprised of 1-4 RNA monomers that are 

In one such embodiment , the DsiRNA comprises : optionally 2 ' - O - methyl RNA monomers , underlined residues 
are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . 

In another such embodiment , the DsiRNA comprises : 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 

XXXXXXXDD - 3 ! 
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5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
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5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 wherein “ X ” = RNA and “ Y ” is an overhang domain com 
prised of 1-4 RNA monomers that are optionally 2-0- 65 
methyl RNA monomers . In a related embodiment , the 
DsiRNA comprises : 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
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wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' dues are 2 - O - methyl RNA monomers . In a related embodi 
ment , the DsiRNA comprises : wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers , underlined residues 
are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 

3 ' -YXXXXXXXXX XXXXXXXXXXXXXX - 5 ' strand is the sense strand , and the bottom strand is the 
wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over antisense strand . The top strand is the sense strand , and the 
hang domain comprised of 1-4 RNA monomers that are bottom strand is the antisense strand . In another related 
optionally 2 - O - methyl RNA monomers , underlined residues embodiment , the DsiRNA comprises : 
are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 15 
antisense strand . 

In further embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXX ( XXXX XXXXXDD - 3 ! 
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5 ' - XXXXXXXXXXX ( XXXXXXXXXX - 3 ' 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

51 - XXXXXXXXXX XXXXXXXXXDD - 3 ' 
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wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 20 strand is the sense strand , and the bottom strand is the 
3 ' -YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' antisense strand . In a further related embodiment , the 

DsiRNA comprises : 
wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi- 25 
dues are 2 - O - methyl RNA monomers . In a related embodi 

3 ' - XXXXXXXXXXXXX ment , the DsiRNA comprises : XXXXXXXXXXXXX - 5 ' 

wherein “ X " = RNA , " X " = 2 ' - O - methyl RNA , “ and 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! “ D ” = DNA . The top strand is the sense strand , and the 

bottom strand is the antisense strand . This modification 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' pattern is also referred to herein as the “ AS - M6 ” or “ M6 ” 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RN “ Y ” is an over modification pattern . 
hang domain comprised of 1-4 RNA monomers that are In other embodiments , the DsiRNA comprises : 
optionally 2 - O - methyl RNA monomers , underlined residues 35 
are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

antisense strand . In one related embodiment , the DsiRNA 3 ' - YXXXXXXXXXXXXXX XXXXXXXXX - 5 ' comprises : 
wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' optionally 2 - O - methyl RNA monomers and underlined resi 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . In a further 45 In a related embodiment , the DsiRNA comprises : related embodiment , the DsiRNA comprises : 

40 
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5 ' - XXXXXXXXXXX XXXXXXXXXDD - 3 ' 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 

50 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , and wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
“ D " = DNA . The top strand is the sense strand , and the hang domain comprised of 1-4 RNA monomers that are 
bottom strand is the antisense strand . This modification optionally 2 - O - methyl RNA monomers , underlined residues 
pattern is also referred to herein as the “ AS - M7 ” or “ M7 ” 55 are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 
modification pattern . strand is the sense strand , and the bottom strand is the 

In additional embodiments , the DsiRNA comprises : antisense strand . In one related embodiment , the DsiRNA 
comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 60 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
optionally 2 - O - methyl RNA monomers and underlined resi- 65 strand is the sense strand , and the bottom strand is the 
dues are 2 - O - methyl RNA monomers . In a related embodi- antisense strand . In another related embodiment , the 
ment , the DsiRNA comprises : DsiRNA comprises : 
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5 ' - XXXXXXXX ( XXXXXXXXXXXXXDD - 3 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
5 wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , and 

“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M5 ” or “ M5 ” 
modification pattern . 

In further embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 ' - O - methyl RNA monomers , underlined residues 
are 2 ' - O - methyl RNA monomers , and “ D " = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

10 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 
51 - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 15 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In a related embodiment , the DsiRNA comprises : 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

20 

51 - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
25 5 ' - XXXXXXXX XXXXXXXXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA , “ ” " X " = 2 ' - O - methyl RNA , , and 
wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over- “ D ’ = DNA . The top strand is the sense strand , and the 
hang domain comprised of 1-4 RNA monomers that are 30 bottom strand is the antisense strand . This modification 
optionally 2 - O - methyl RNA monomers , underlined residues pattern is also referred to herein as the “ AS - M8 ” or “ M8 ” 
are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top modification pattern . 
strand is the sense strand , and the bottom strand is the In other embodiments , the DsiRNA comprises : antisense strand . In one related embodiment , the DsiRNA 
comprises : 35 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 3 ! - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

31 - XXXXXX ( XXXXXXXXXXX - 5 
40 

wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 

45 In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 
5 ' - XXXXXXXXXXX XXXXXXXXXXXDD - 3 ! 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

50 wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M4 ” or “ M4 ” 
modification pattern . 

In additional embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers , underlined residues 
are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

55 

5 ' - XXXXXXX XXXXXXXXXXXXX - 3 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 60 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi- wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 65 strand is the sense strand , and the bottom strand is the 
sense strand , and the bottom strand is the antisense strand . antisense strand . In a further related embodiment , the 
In a related embodiment , the DsiRNA comprises : DsiRNA comprises : 
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5 ' - XXXXXXXX XXXXXXXXXXDD - 3 ! 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
5 wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 

“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M3 ” or “ M3 ” 
modification pattern . 

In additional embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 ' - O - methyl RNA monomers , underlined residues 
are 2 ' - O - methyl RNA monomers , and “ D " = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

10 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 15 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In a related embodiment , the DsiRNA comprises : 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

20 

51 - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
25 5 ' - XXXXXXXX XXXXX XXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXXXXXX XXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA , " X " = 2 ' - O - methyl RNA , ” , and 
wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over- “ D ’ = DNA . The top strand is the sense strand , and the 
hang domain comprised of 1-4 RNA monomers that are 30 bottom strand is the antisense strand . This modification 
optionally 2 - O - methyl RNA monomers , underlined residues pattern is also referred to herein as the “ AS - M1 ” or “ M1 ” 
are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top modification pattern . 
strand is the sense strand , and the bottom strand is the In additional embodiments , the DsiRNA comprises : antisense strand . In another related embodiment , the 
DsiRNA comprises : 35 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

31 - XXXXXXX < XXXXXXXXXXX - 5 ' 
40 

wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 

45 In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
5 ' - XXXXXXXXXXX XXXXXXXXXXXDD - 3 ! 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

50 wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M2 ” or “ M2 ” 
modification pattern . 

In further embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers , underlined residues 
are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

55 

5 ' - XXXXXXX XXXXXXXXXXXXX - 3 

3 ' -YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 60 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi- wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
dues are 2 - O - methyl RNA monomers . The top strand is the 65 strand is the sense strand , and the bottom strand is the 
sense strand , and the bottom strand is the antisense strand . antisense strand . In a further related embodiment , the 
In a related embodiment , the DsiRNA comprises : DsiRNA comprises : 
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5 ' - XXXXXXXX XXXXXXXXXXXDD - 3 ! 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
5 wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , and 

“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M9 ” or “ M9 " 
modification pattern . 

In other embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 ' - O - methyl RNA monomers , underlined residues 
are 2 ' - O - methyl RNA monomers , and “ D " = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

10 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 
51 - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 15 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In a related embodiment , the DsiRNA comprises : 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

20 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 
25 5 ' - XXXXXXXX ( XXXXX XXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein " X " = RNA , “ ” " X " = 2 ' - O - methyl RNA , , and 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over- “ D ’ = DNA . The top strand is the sense strand , and the 
hang domain comprised of 1-4 RNA monomers that are 30 bottom strand is the antisense strand . This modification 
optionally 2 - O - methyl RNA monomers , underlined residues pattern is also referred to herein as the “ AS - M11 " or " M11 " 
are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top modification pattern . 
strand is the sense strand , and the bottom strand is the In additional embodiments , the DsiRNA comprises : antisense strand . In another related embodiment , the 
DsiRNA comprises : 35 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
40 

wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 

45 In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD3 ' 
5 ' - XXXXXXXXXXX XXXXXXXXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

50 wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M10 ” or “ M10 " 
modification pattern . 

In further embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers , underlined residues 
are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

55 

5 ' - XXXXXXXX XXXXXXXXXXXXX - 3 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 60 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi- wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 65 strand is the sense strand , and the bottom strand is the 
sense strand , and the bottom strand is the antisense strand . antisense strand . In a further related embodiment , the 
In one related embodiment , the DsiRNA comprises : DsiRNA comprises : 
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5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
5 wherein " X " = RNA , " X " = 2 ' - O - methyl RNA , and 

“ D’EDNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M12 ” or “ M12 " 
modification pattern . 

In further embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 ' - O - methyl RNA monomers , underlined residues 
are 2 ' - O - methyl RNA monomers , and “ D " = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

10 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 15 

3 ' - YXXXXXXXX XXXXXXXXXXXXXXX - 5 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

20 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
25 5 ' - XXXXXXXX XXXXXXXXXXXXDD - 3 ' 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein " X " = RNA , " X " = 2 ' - O - methyl RNA , and 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over- “ D ’ = DNA . The top strand is the sense strand , and the 
hang domain comprised of 1-4 RNA monomers that are 30 bottom strand is the antisense strand . This modification 
optionally 2 - O - methyl RNA monomers , underlined residues pattern is also referred to herein as the “ AS - M21 ” or “ M21 ” 
are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top modification pattern . 
strand is the sense strand , and the bottom strand is the In further embodiments , the DsiRNA comprises : antisense strand . In another related embodiment , the 
DsiRNA comprises : 35 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' - 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
40 

wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 

45 In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
5 ' - XXXXXXXXXX XXXXXXXXXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

50 wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M13 ” or “ M13 ” 
modification pattern . 

In other embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers , underlined residues 
are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

55 

5 ' - XXXXXXXX XXXXXXXXXXXXX - 3 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 60 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi- wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 65 strand is the sense strand , and the bottom strand is the 
sense strand , and the bottom strand is the antisense strand . antisense strand . In a further related embodiment , the 
In another related embodiment , the DsiRNA comprises : DsiRNA comprises : 
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5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
5 wherein " X " = RNA , “ X ” = 2 ' - O - methyl RNA , and 

“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M14 ” or “ M14 ” 
modification pattern . 

In additional embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 ' - O - methyl RNA monomers , underlined residues 
are 2 ' - O - methyl RNA monomers , and “ D " = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

10 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 15 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

20 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
25 51 - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' -YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA , “ ” " X " = 2 ' - O - methyl RNA , and 
wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over- “ D ’ = DNA . The top strand is the sense strand , and the 
hang domain comprised of 1-4 RNA monomers that are 30 bottom strand is the antisense strand . This modification 
optionally 2 - O - methyl RNA monomers , underlined residues pattern is also referred to herein as the “ AS - M16 ” or “ M16 " 
are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top modification pattern . 
strand is the sense strand , and the bottom strand is the In additional embodiments , the DsiRNA comprises : antisense strand . In another related embodiment , the 
DsiRNA comprises : 35 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 3 ' - YXXXXXXXXXXXXX < XXXXXXXXX - 5 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
40 

wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 

45 In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
5 ' - XXXXXXXXXXX XXXXXXXXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

50 wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M15 ” or “ M15 ” 
modification pattern . 

In further embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers , underlined residues 
are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

55 

51 - XXXXXXX XXXXXXXXXXXXXX - 3 ! 

3 ' - YXXXXXXX XXXXXXXXXXXXXXX - 5 ' 60 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - XXXXXXXX wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over XXXXXXXXXXXXXXXXXX - 5 ' 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi- wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 65 strand is the sense strand , and the bottom strand is the 
sense strand , and the bottom strand is the antisense strand . antisense strand . In a further related embodiment , the 
In a related embodiment , the DsiRNA comprises : DsiRNA comprises : 
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51 52 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 3'- - YXXXXXXXXXX XXXXXXXXXXXX - 5 ' 
5 wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 

“ D’EDNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M17 ” or “ M17 ” 
modification pattern . 

In further embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 ' - O - methyl RNA monomers , underlined residues 
are 2 ' - O - methyl RNA monomers , and “ D " = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

10 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 
51 - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 15 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

20 

51 - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
25 5 ' - XXXXXXXX XXXXXXXXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXX XXXXXXXXXXXX - 5 ' 
3 ' -YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over- “ D ’ = DNA . The top strand is the sense strand , and the 
hang domain comprised of 1-4 RNA monomers that are 30 bottom strand is the antisense strand . This modification 
optionally 2 - O - methyl RNA monomers , underlined residues pattern is also referred to herein as the “ AS - M19 ” or “ M19 " 
are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top modification pattern . 
strand is the sense strand , and the bottom strand is the In further embodiments , the DsiRNA comprises : antisense strand . In another related embodiment , the 
DsiRNA comprises : 35 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
40 

wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 

45 In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
5 ' - XXXXXXXXXXX XXXXXXXXXXXDD - 3 ! 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

50 wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M18 ” or “ M18 ” 
modification pattern . 

In additional embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers , underlined residues 
are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

55 

5 ' - XXXXXXXX XXXXX XXXXXXX - 3 ! 

3 ' -YXXXXXX XXXXXXXXXXXXXXXX - 5 ' 60 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - XXXXXXXX wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over XXXXXXXXXXXXXXXXXX - 5 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi- wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 65 strand is the sense strand , and the bottom strand is the 
sense strand , and the bottom strand is the antisense strand . antisense strand . In a further related embodiment , the 
In one related embodiment , the DsiRNA comprises : DsiRNA comprises : 
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5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
5 wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 

“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M20 ” or “ M20 " 
modification pattern . 

In additional embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 ' - O - methyl RNA monomers , underlined residues 
are 2 ' - O - methyl RNA monomers , and “ D " = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

10 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 
51 - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 15 

3 ' - YXXXXXXXX XXXXXXXXXXXXXXX - 5 
31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

20 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 
25 5 ' - XXXXXXXX XXXXXXXXXXXXDD - 3 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein " X " = RNA , “ ” " X " = 2 ' - O - methyl RNA , and 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over- “ D ’ = DNA . The top strand is the sense strand , and the 
hang domain comprised of 1-4 RNA monomers that are 30 bottom strand is the antisense strand . This modification 
optionally 2 - O - methyl RNA monomers , underlined residues pattern is also referred to herein as the “ AS - M24 ” or “ M24 ” 
are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top modification pattern . 
strand is the sense strand , and the bottom strand is the In additional embodiments , the DsiRNA comprises : antisense strand . In another related embodiment , the 
DsiRNA comprises : 35 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
40 

wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 

45 In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
5 ' - XXXXXXXXXXX XXXXXXXXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

50 wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M22 ” or “ M22 " 
modification pattern . 

In further embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers , underlined residues 
are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

55 

5 ' - XXXXXXXX XXXXXXXXXXXXX - 3 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 60 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi- wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 65 strand is the sense strand , and the bottom strand is the 
sense strand , and the bottom strand is the antisense strand . antisense strand . In a further related embodiment , the 
In one related embodiment , the DsiRNA comprises : DsiRNA comprises : 
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5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
5 wherein " X " = RNA , " X " = 2 ' - O - methyl RNA , and 

“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M25 ” or “ M25 ” 
modification pattern . 

In further embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 ' - O - methyl RNA monomers , underlined residues 
are 2 ' - O - methyl RNA monomers , and “ D " = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

10 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 
51 - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 15 

3 ' - YXXXXXXXX XXXXXXXXXXXXXXX - 5 
31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

20 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 
25 5 ' - XXXXXXXX XXXXXXXXXXXXDD - 3 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein " X " = RNA , “ ” " X " = 2 ' - O - methyl RNA , , and 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over- “ D ’ = DNA . The top strand is the sense strand , and the 
hang domain comprised of 1-4 RNA monomers that are 30 bottom strand is the antisense strand . This modification 
optionally 2 - O - methyl RNA monomers , underlined residues pattern is also referred to herein as the “ AS - M27 " or " M27 ” 
are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top modification pattern . 
strand is the sense strand , and the bottom strand is the In further embodiments , the DsiRNA comprises : antisense strand . In another related embodiment , the 
DsiRNA comprises : 35 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
40 

wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 

45 In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
5 ' - XXXXXXXXXXX XXXXXXXXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

50 wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M26 ” or “ M26 " 
modification pattern . 

In additional embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers , underlined residues 
are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

55 

5 ' - XXXXXXXX ( XXXXXXXXXXXX - 3 ' 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 60 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi- wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 65 strand is the sense strand , and the bottom strand is the 
sense strand , and the bottom strand is the antisense strand . antisense strand . In a further related embodiment , the 
In one related embodiment , the DsiRNA comprises : DsiRNA comprises : 
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5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ! 
31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
" D " = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M28 ” or “ M28 " 
modification pattern . 

In further embodiments , the DsiRNA comprises : 

5 wherein " X " = RNA , " X " = 2 - O - methyl RNA , ' and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M30 ” or “ M30 ” 
modification pattern . 

In further embodiments , the DsiRNA comprises : 10 

57 - XXXXXXXXXXXXXXXXXXXXXXXXX - 37 

5 ' - XXXXXXXX XXXXXXXXXXXXX - 3 15 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 

strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi- 20 
dues are 2 - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

3 ' - XXXXXXXX XXXXXXXXXXXXXXXXX - 5 ' 
25 

5 ' - XXXXXXXXXXXXXXXX XXXXXDD - 3 ' 

31 - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , X ” - , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the " AS - M31 ” or “ M31 ” 
modification pattern . 

In additional embodiments , the DsiRNA comprises : 
30 wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers , underlined residues 
are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 35 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 

40 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
45 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , O and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M32 ” or “ M32 ” 
modification pattern . 

In further embodiments , the DsiRNA comprises : 

5 ' - XXXXXXX XXXXDD - 3 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 50 

57 - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the " AS - M29 ” or “ M29 " 55 
modification pattern . 

In additional embodiments , the DsiRNA comprises : 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

60 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

57 - XXXXXXXXXXXXXXXXXXXXXXXDD - 31 wherein “ X ” = RNA and “ X ” = 2 * -O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 65 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
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wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over- bottom strand is the antisense strand . This modification 
hang domain comprised of 1-4 RNA monomers that are pattern is also referred to herein as the “ AS - M35 ” or “ M35 ” 
optionally 2 - O - methyl RNA monomers , underlined residues modification pattern . 
are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top In further embodiments , the DsiRNA comprises : 
strand is the sense strand , and the bottom strand is the 5 
antisense strand . In another related embodiment , the 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' DsiRNA comprises : 
3 ' - YXXXXXXXXXX KXXXXXXXX - 5 ' 

5 ' - XXXXXXXXX XXXXXXXXX - 3 10 wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' optionally 2 - O - methyl RNA monomers and underlined resi 
wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top dues are 2 ' - O - methyl RNA monomers . The top strand is the 
strand is the sense strand , and the bottom strand is the sense strand , and the bottom strand is the antisense strand . 
antisense strand . In a further related embodiment , the 15 In one related embodiment , the DsiRNA comprises : 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
20 

3 ' - XXXXXXXXX XXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are wherein " X " = RNA , " X " = 2 - O - methyl RNA , and optionally 2 - O - methyl RNA monomers , underlined residues “ D ” = DNA . The top strand is the sense strand , and the are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top bottom strand is the antisense strand . This modification 25 strand is the sense strand , and the bottom strand is the 

pattern is also referred to herein as the “ AS - M34 ” or “ M34 ” antisense strand . In another related embodiment , the 
modification pattern . DsiRNA comprises : 

In additional embodiments , the DsiRNA comprises : 

30 5 ! - XXXXXXXXXXXXXXXXXXXXXXXXX - 37 
57 - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' -YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over- strand is the sense strand , and the bottom strand is the 
hang domain comprised of 1-4 RNA monomers that are 35 antisense strand . In a further related embodiment , the 
optionally 2 - O - methyl RNA monomers and underlined resi- DsiRNA comprises : 
dues are 2 - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

40 
31 - XXXXXXXXX XXXXXXXXXXXXXX - 5 ' 

- 

57 - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' bottom strand is the antisense strand . This modification 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over- 45 pattern is also referred to herein as the “ AS - M37 ” or “ M37 " 
hang domain comprised of 1-4 RNA monomers that are modification pattern . 
optionally 2 - O - methyl RNA monomers , underlined residues In additional embodiments , the DsiRNA comprises : 
are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 50 
DsiRNA comprises : 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 

55 optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

60 
5 ' - XXXXXXXXXXX XXXXXXXXXXDD - 3 ! 

3'- YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 5 ' - XXXXXXXXXX XXXXXXXXXXDD - 3 

3 ' - XXXXXXXXX XXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA , " X " = 2 - O - methyl = RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
65 hang domain comprised of 1-4 RNA monomers that are 

optionally 2 - O - methyl RNA monomers , underlined residues 
are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 
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strand is the sense strand , and the bottom strand is the In additional embodiments , the DsiRNA comprises : 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

5 ' - XXXXXXXXXXX KXXXXXXXXXXXX - 3 ' 

5 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 

wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' hang domain comprised of 1-4 RNA monomers that are 
wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top optionally 2 - O - methyl RNA monomers and underlined resi 
strand is the sense strand , and the bottom strand is the 10 dues are 2 ' - 0 - methyl RNA monomers . The top strand is the 
antisense strand . In a further related embodiment , the sense strand , and the bottom strand is the antisense strand . 
DsiRNA comprises : In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 15 5 ' - XXXXXXXXXXX XXXXXXXXXXDD - 3 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA , " X " = 2 ' - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M38 ” or “ M38 " 
modification pattern . 

In further embodiments , the DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 

20 optionally 2 - O - methyl RNA monomers , underlined residues 
are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

25 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

XXXXX XXXXXXX - 5 ' 3 ' -YXXXXX 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over- 30 wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
hang domain comprised of 1-4 RNA monomers that are strand is the sense strand , and the bottom strand is the 
optionally 2 - O - methyl RNA monomers and underlined resi- antisense strand . In a further related embodiment , the 
dues are 2 - O - methyl RNA monomers . The top strand is the DsiRNA comprises : 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 35 

5 ' - XXXXXXXXXXXXX ( XXXXXXXXXDD - 3 ! 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

3 ' -YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers , underlined residues 
are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , and 
40 “ D ” = DNA . The top strand is the sense strand , and the 

bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M41 ” or “ M41 ” 
modification pattern . 

In further embodiments , the DsiRNA comprises : 
45 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - YXXXXXXXXXX XXXXXXX - 5 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 50 wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 - O - methyl RNA monomers . The top strand is the wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top sense strand , and the bottom strand is the antisense strand . 

strand is the sense strand , and the bottom strand is the 55 In one related embodiment , the DsiRNA comprises : 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 3'- YXXXXXXXXXX XXXXXXXXXX - 5 60 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , and optionally 2 - O - methyl RNA monomers , underlined residues 
“ D " = DNA . The top strand is the sense strand , and the are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 
bottom strand is the antisense strand . This modification 65 strand is the sense strand , and the bottom strand is the 
pattern is also referred to herein as the “ AS - M40 ” or “ M40 " antisense strand . In another related embodiment , the 
modification pattern . DsiRNA comprises : 
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In further embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXX XXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXX XXXXXXXXXXXXX - 3 ! 
31 - XXXXXXX ( XXXXXXXXXXXX - 5 ' 5 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 

10 dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

15 5 ' - XXXXXXXXXXX XXXXXXXXXXDD - 3 ' 31 - XXXX XXXXXXXX - 5 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
bottom strand is the antisense strand . This modification hang domain comprised of 1-4 RNA monomers that are 
pattern is also referred to herein as the “ AS - M36 ” or “ M36 ” 20 optionally 2 ' - O - methyl RNA monomers , underlined residues 
modification pattern . are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 

strand is the sense strand , and the bottom strand is the In additional embodiments , the DsiRNA comprises : antisense strand . In another related embodiment , the 
DsiRNA comprises : 

25 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 3 ' -YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 30 wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
optionally 2 - O - methyl RNA monomers and underlined resi- strand is the sense strand , and the bottom strand is the 
dues are 2 - O - methyl RNA monomers . The top strand is the antisense strand . In a further related embodiment , the 
sense strand , and the bottom strand is the antisense strand . DsiRNA comprises : 
In one related embodiment , the DsiRNA comprises : 

35 
5 ' - XXXXXXXXXXXXX ( XXXXXXXXXDD - 3 ! 

5 ' - XXXXXXXX XXXXXXXXXXXXXDD - 3 ! 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , and 

40 “ D ” = DNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over bottom strand is the antisense strand . This modification 
hang domain comprised of 1-4 RNA monomers that are pattern is also referred to herein as the “ AS - M43 ” or “ M43 ” 
optionally 2 - O - methyl RNA monomers , underlined residues modification pattern . 
are 2-0 - methyl RNA monomers , and “ D ” = DNA . The top In additional embodiments , the DsiRNA comprises : 
strand is the sense strand , and the bottom strand is the 45 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - YXXXXXXXXXX XXXXXXXXX - 5 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 50 wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' hang domain comprised of 1-4 RNA monomers that are 

optionally 2 - O - methyl RNA monomers and underlined resi 
wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top dues are 2 - O - methyl RNA monomers . The top strand is the 
strand is the sense strand , and the bottom strand is the sense strand , and the bottom strand is the antisense strand . 
antisense strand . In a further related embodiment , the 55 In one related embodiment , the DsiRNA comprises : 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 60 
I 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and optionally 2 - O - methyl RNA monomers , underlined residues 
“ D’EDNA . The top strand is the sense strand , and the are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 
bottom strand is the antisense strand . This modification 65 strand is the sense strand , and the bottom strand is the 
pattern is also referred to herein as the “ AS - M42 ” or “ M42 " antisense strand . In another related embodiment , the 
modification pattern . DsiRNA comprises : 
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In additional embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXX XXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXX XXXXXXXXXXXXXX - 3 ! 

3 ' - XXXXXXXXXXXXXXXXX XXXXXXXXX - 5 ' 5 
3'- YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 

10 dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXX 15 XXXXXXXXXXXDD - 3 ! 3 ' - XX KXXXXXXX - 5 ' 

3 ! - YXXXXXXXXXX XXXXXXXXX - 5 
wherein " X " = RNA , " X " = 2 - O - methyl = “ ' RNA , and 
“ D’EDNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
bottom strand is the antisense strand . This modification hang domain comprised of 1-4 RNA monomers that are 
pattern is also referred to herein as the “ AS - M44 ” or “ M44 ” 20 optionally 2 ' - O - methyl RNA monomers , underlined residues 
modification pattern . are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 

strand is the sense strand , and the bottom strand is the In further embodiments , the DsiRNA comprises : antisense strand . In another related embodiment , the 
DsiRNA comprises : 

25 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 3 ' - YXXXXXXXXXXX XXXXXXXXXXXXX - 5 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 30 wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
optionally 2 - O - methyl RNA monomers and underlined resi- strand is the sense strand , and the bottom strand is the 
dues are 2 - O - methyl RNA monomers . The top strand is the antisense strand . In a further related embodiment , the 
sense strand , and the bottom strand is the antisense strand . DsiRNA comprises : 
In one related embodiment , the DsiRNA comprises : 

35 
5 ' - XXXXXXXXXXX ( XXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 

3 ' - YXXXXXXXXX XXXXXXXXXXXXX - 5 ' wherein " X " = RNA , “ X ” = 2 - O - methyl RNA , and 
40 “ D ” = DNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over bottom strand is the antisense strand . This modification 

hang domain comprised of 1-4 RNA monomers that are pattern is also referred to herein as the “ AS - M46 ” or “ M46 ” 
optionally 2 - O - methyl RNA monomers , underlined residues modification pattern . 
are 2-0 - methyl RNA monomers , and “ D ” = DNA . The top In further embodiments , the DsiRNA comprises : 
strand is the sense strand , and the bottom strand is the 45 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

3 ' - YXXXXXXXXXX ( XXXXXXXXX - 5 ' 

5 ! - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 50 wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
3 ' - XXXXXXXX XXXXXXXXXXXXXXXX - 5 ' hang domain comprised of 1-4 RNA monomers that are 

optionally 2 - O - methyl RNA monomers and underlined resi 
wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top dues are 2 - O - methyl RNA monomers . The top strand is the 
strand is the sense strand , and the bottom strand is the sense strand , and the bottom strand is the antisense strand . 
antisense strand . In a further related embodiment , the 55 In one related embodiment , the DsiRNA comprises : 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

51 - XXXXXXXXXXXX XXXXXXXXXXDD - 3 ! 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' - 

60 
I 3 ' - XXXXXXXX XXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and optionally 2 - O - methyl RNA monomers , underlined residues 
“ D’EDNA . The top strand is the sense strand , and the are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 
bottom strand is the antisense strand . This modification 65 strand is the sense strand , and the bottom strand is the 
pattern is also referred to herein as the " AS - M45 ” or “ M45 " antisense strand . In another related embodiment , the 
modification pattern . DsiRNA comprises : 
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In further embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXX ( XXXXXXXXXXX - 3 ! 

5 ' - XXXXXXXXXX XXXXXXXXXXXXXX - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 5 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 

10 dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXX 15 XXXXXXXXXXXDD - 3 ! 3 ' - XXXXX XXXXXXXXXXXXX - 5 

3 ! - YXXXXXXXXXX XXXXXXXX - 5 wherein " X " = RNA , " X " = 2 - O - methyl = “ ” ' RNA , and 
“ D’EDNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
bottom strand is the antisense strand . This modification hang domain comprised of 1-4 RNA monomers that are 
pattern is also referred to herein as the “ AS - M47 ” or “ M47 ” 20 optionally 2 ' - O - methyl RNA monomers , underlined residues 
modification pattern . are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 

strand is the sense strand , and the bottom strand is the In additional embodiments , the DsiRNA comprises : antisense strand . In another related embodiment the 
DsiRNA comprises : 

25 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 3 ' -YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 30 wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
optionally 2 - O - methyl RNA monomers and underlined resi- strand is the sense strand , and the bottom strand is the 
dues are 2 - O - methyl RNA monomers . The top strand is the antisense strand . In a further related embodiment , the 
sense strand , and the bottom strand is the antisense strand . DsiRNA comprises : 
In one related embodiment , the DsiRNA comprises : 

35 
5 ' - XXXXXXXXXXX ( XXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein " X " = RNA , “ X ” = 2 - O - methyl RNA , and 
40 “ D ” = DNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over bottom strand is the antisense strand . This modification 

hang domain comprised of 1-4 RNA monomers that are pattern is also referred to herein as the “ AS - M52 ” or “ M52 ” 
optionally 2 - O - methyl RNA monomers , underlined residues modification pattern . 
are 2-0 - methyl RNA monomers , and “ D ” = DNA . The top In further embodiments , the DsiRNA comprises : 
strand is the sense strand , and the bottom strand is the 45 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

3 ' - YXXXXXXXXXX XXXXXX X - 5 
5 ! - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 50 wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' optionally 2 - O - methyl RNA monomers and underlined resi 
wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top dues are 2 - O - methyl RNA monomers . The top strand is the 
strand is the sense strand , and the bottom strand is the sense strand , and the bottom strand is the antisense strand . 
antisense strand . In a further related embodiment , the 55 In one related embodiment , the DsiRNA comprises : 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 60 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and optionally 2 - O - methyl RNA monomers , underlined residues 
“ D’EDNA . The top strand is the sense strand , and the are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 
bottom strand is the antisense strand . This modification 65 strand is the sense strand , and the bottom strand is the 
pattern is also referred to herein as the " AS - M48 ” or “ M48 " antisense strand . In another related embodiment , the 
modification pattern . DsiRNA comprises : 
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In further embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXX ( XXXXXXXXXXX - 3 ! 

5 ' - XXXXXXXXXX XXXXXXXXXXXXXX - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 5 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 

10 dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXX 15 XXXXXXXXXXXDD - 3 ! 
31 - XXXX XXXXXXX - 50 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
bottom strand is the antisense strand . This modification hang domain comprised of 1-4 RNA monomers that are 
pattern is also referred to herein as the “ AS - M54 ” or “ M54 ” 20 optionally 2 ' - O - methyl RNA monomers , underlined residues 
modification pattern . are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 

strand is the sense strand , and the bottom strand is the In additional embodiments , the DsiRNA comprises : antisense strand . In another related embodiment , the 
DsiRNA comprises : 

25 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 3 ' -YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 30 wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
optionally 2 - O - methyl RNA monomers and underlined resi- strand is the sense strand , and the bottom strand is the 
dues are 2 - O - methyl RNA monomers . The top strand is the antisense strand . In a further related embodiment , the 
sense strand , and the bottom strand is the antisense strand . DsiRNA comprises : 
In one related embodiment , the DsiRNA comprises : 

35 
5 ' - XXXXXXXXXXX XXXXXXXXXXXDD - 3 ! 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein " X " = RNA , “ X ” = 2 - O - methyl RNA , and 

40 “ D ” = DNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over bottom strand is the antisense strand . This modification 
hang domain comprised of 1-4 RNA monomers that are pattern is also referred to herein as the “ AS - M56 " or " M56 " 
optionally 2 - O - methyl RNA monomers , underlined residues modification pattern . 
are 2-0 - methyl RNA monomers , and “ D ” = DNA . The top In additional embodiments , the DsiRNA comprises : 
strand is the sense strand , and the bottom strand is the 45 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

3 ' - YXXXXXXXXXX XXXXXXXXX - 5 
5 ! - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 50 wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' optionally 2 - O - methyl RNA monomers and underlined resi 
wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top dues are 2 - O - methyl RNA monomers . The top strand is the 
strand is the sense strand , and the bottom strand is the sense strand , and the bottom strand is the antisense strand . 
antisense strand . In a further related embodiment , the 55 In one related embodiment , the DsiRNA comprises : 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 3 ' - YXXXXXXXXXX - < XXXXXXXXXXXXX - 5 ' 60 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and optionally 2 - O - methyl RNA monomers , underlined residues 
“ D’EDNA . The top strand is the sense strand , and the are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 
bottom strand is the antisense strand . This modification 65 strand is the sense strand , and the bottom strand is the 
pattern is also referred to herein as the “ AS - M55 ” or “ M55 ” antisense strand . In another related embodiment , the 
modification pattern . DsiRNA comprises : 
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In additional embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXX ( XXXXXXXXXXX - 3 ! 

5 ' - XXXXXXXXXX XXXXXXXXXXXXXX - 3 ! 
3 ' - XXXXXXX XXXXXXXXXXXXXXXXX - 5 ' 5 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 

10 dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXX 15 XXXXXXXXXXXDD - 3 ! 31 - XXXX KXXXXXXX - 5 ' 

3 ! - YXXXXXXXXXXXXXX XXXXXXXX - 5 ' 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
bottom strand is the antisense strand . This modification hang domain comprised of 1-4 RNA monomers that are 
pattern is also referred to herein as the “ AS - M57 ” or “ M57 ” 20 optionally 2 ' - O - methyl RNA monomers , underlined residues 
modification pattern . are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 

strand is the sense strand , and the bottom strand is the In further embodiments , the DsiRNA comprises : antisense strand . In another related embodiment , the 
DsiRNA comprises : 

25 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 3 ' - YXXXXXXXXXXX XXXXXXXXXXXXX - 5 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 30 wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
optionally 2 - O - methyl RNA monomers and underlined resi- strand is the sense strand , and the bottom strand is the 
dues are 2 - O - methyl RNA monomers . The top strand is the antisense strand . In a further related embodiment , the 
sense strand , and the bottom strand is the antisense strand . DsiRNA comprises : 
In one related embodiment , the DsiRNA comprises : 

35 
5 ' - XXXXXXXXXXX ( XXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , and 

40 “ D ” = DNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over bottom strand is the antisense strand . This modification 
hang domain comprised of 1-4 RNA monomers that are pattern is also referred to herein as the “ AS - M59 " or " M59 ” 
optionally 2 - O - methyl RNA monomers , underlined residues modification pattern . 
are 2-0 - methyl RNA monomers , and “ D ” = DNA . The top In further embodiments , the DsiRNA comprises : 
strand is the sense strand , and the bottom strand is the 45 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

3 ' - YXXXXXXXXXX XXXXXXXXX - 5 
5 ! - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 50 wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' optionally 2 - O - methyl RNA monomers and underlined resi 
wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top dues are 2 - O - methyl RNA monomers . The top strand is the 
strand is the sense strand , and the bottom strand is the sense strand , and the bottom strand is the antisense strand . 
antisense strand . In a further related embodiment , the 55 In one related embodiment , the DsiRNA comprises : 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 3'- YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 60 
I 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and optionally 2 - O - methyl RNA monomers , underlined residues 
“ D’EDNA . The top strand is the sense strand , and the are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 
bottom strand is the antisense strand . This modification 65 strand is the sense strand , and the bottom strand is the 
pattern is also referred to herein as the “ AS - M58 ” or “ M58 ” antisense strand . In another related embodiment , the 
modification pattern . DsiRNA comprises : 
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In further embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXX XXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXX XXXXXXXXXXXXX - 3 ! 
31 - XXXXXXX XXXXXXXXXXXXXXXXX - 5 ' 5 

3 ! - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 

10 dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXXX 15 XXXXXXXXXXDD - 3 ! 
31 - XXXX KXXXXXXX - 5 ' 

3 ' -YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein " X " = RNA , " X " = 2 - O - methyl “ ” ' RNA , and 
“ D’EDNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
bottom strand is the antisense strand . This modification hang domain comprised of 1-4 RNA monomers that are 
pattern is also referred to herein as the “ AS - M60 ” or “ M60 ” 20 optionally 2 ' - O - methyl RNA monomers , underlined residues 
modification pattern . are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 

strand is the sense strand , and the bottom strand is the In additional embodiments , the DsiRNA comprises : antisense strand . In another related embodiment , the 
DsiRNA comprises : 

25 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 30 wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
optionally 2 - O - methyl RNA monomers and underlined resi- strand is the sense strand , and the bottom strand is the 
dues are 2 - O - methyl RNA monomers . The top strand is the antisense strand . In a further related embodiment , the 
sense strand , and the bottom strand is the antisense strand . DsiRNA comprises : 
In one related embodiment , the DsiRNA comprises : 

35 
5 ' - XXXXXXXXXXXXX ( XXXXXXXXXDD - 3 ! 

5 ' - XXXXXXXX XXXXXXXXXXXXXDD - 3 ! 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein " X " = RNA , “ X ” = 2 - O - methyl RNA , and 

40 “ D ” = DNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over bottom strand is the antisense strand . This modification 
hang domain comprised of 1-4 RNA monomers that are pattern is also referred to herein as the “ AS - M62 " or " M62 ” 
optionally 2 - O - methyl RNA monomers , underlined residues modification pattern . 
are 2-0 - methyl RNA monomers , and “ D ” = DNA . The top In additional embodiments , the DsiRNA comprises : 
strand is the sense strand , and the bottom strand is the 45 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - YXXXXXXXXXX XXXXXX X - 5 ! 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 50 wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' optionally 2 - O - methyl RNA monomers and underlined resi 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top dues are 2 - O - methyl RNA monomers . The top strand is the 
strand is the sense strand , and the bottom strand is the sense strand , and the bottom strand is the antisense strand . 
antisense strand . In a further related embodiment , the 55 In one related embodiment , the DsiRNA comprises : 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' - 

60 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and optionally 2 - O - methyl RNA monomers , underlined residues 
“ D’EDNA . The top strand is the sense strand , and the are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 
bottom strand is the antisense strand . This modification 65 strand is the sense strand , and the bottom strand is the 
pattern is also referred to herein as the “ AS - M61 ” or “ M61 " antisense strand . In another related embodiment , the 
modification pattern . DsiRNA comprises : 
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In additional embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXX XXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXX KXXXXXXXXXXXX - 3 ' 
31 - XXXXXXX XXXXXXXXXXXXXXXXX - 5 ' 5 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 

10 dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

15 5 ' - XXXXXXXXXXX XXXXXXXXXXDD - 3 ' 31 - XXXX XXXXXXX - 5 ' 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
bottom strand is the antisense strand . This modification hang domain comprised of 1-4 RNA monomers that are 
pattern is also referred to herein as the “ AS - M63 ” or “ M63 " 20 optionally 2 ' - O - methyl RNA monomers , underlined residues 
modification pattern . are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 

strand is the sense strand , and the bottom strand is the In further embodiments , the DsiRNA comprises : antisense strand . In another related embodiment , the 
DsiRNA comprises : 

25 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 3 ' - YXXXXXXXXXXX XXXXXXXXXXXX - 5 ' 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 30 wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
optionally 2 - O - methyl RNA monomers and underlined resi- strand is the sense strand , and the bottom strand is the 
dues are 2 - O - methyl RNA monomers . The top strand is the antisense strand . In a further related embodiment , the 
sense strand , and the bottom strand is the antisense strand . DsiRNA comprises : 
In one related embodiment , the DsiRNA comprises : 

35 
5 ' - XXXXXXXXXXXXX ( XXXXXXXXXDD - 3 ! 

5 ' - XXXXXXXXX XXXXXXXXXXXXXDD - 3 ! 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein " X " = RNA , “ X ” = 2 - O - methyl RNA , and 
40 “ D ” = DNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over bottom strand is the antisense strand . This modification 

hang domain comprised of 1-4 RNA monomers that are pattern is also referred to herein as the “ AS - M65 " or " M65 " 
optionally 2 - O - methyl RNA monomers , underlined residues modification pattern . 
are 2-0 - methyl RNA monomers , and “ D ” = DNA . The top In further embodiments , the DsiRNA comprises : 
strand is the sense strand , and the bottom strand is the 45 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - YXXXXXXX XXXXXXXXX - 5 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 50 wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
3 ' - XXXXXXXX hang domain comprised of 1-4 RNA monomers that are < XXXXXXXXXXXXXXX - 5 ' optionally 2 - O - methyl RNA monomers and underlined resi 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top dues are 2 - O - methyl RNA monomers . The top strand is the 
strand is the sense strand , and the bottom strand is the sense strand , and the bottom strand is the antisense strand . 
antisense strand . In a further related embodiment , the 55 In one related embodiment , the DsiRNA comprises : 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXXXXXX XXXXXXXXDD - 3 ! 3'- YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 60 
3 ' - XXXXXXXXXX < XXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and optionally 2 - O - methyl RNA monomers , underlined residues 
“ D’EDNA . The top strand is the sense strand , and the are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 
bottom strand is the antisense strand . This modification 65 strand is the sense strand , and the bottom strand is the 
pattern is also referred to herein as the “ AS - M64 ” or “ M64 ” antisense strand . In another related embodiment , the 
modification pattern . DsiRNA comprises : 
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In further embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXX XXXXXXXXX - 3 ! 

5 ' - XXXXXXXXXXX XXXXXXXXXXXXX - 3 ! 
3 ' - XXXX XXXXXXXXX XXXXXXXXX - 5 ' 5 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 

10 dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXXX 15 XXXXXXXXXXDD - 3 31 - XXXX KXXXXXXX - 5 ' 

KXXXXXXXXXXXXX - 5 ' 3'- YXXXXXXXXXX wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
bottom strand is the antisense strand . This modification hang domain comprised of 1-4 RNA monomers that are 
pattern is also referred to herein as the “ AS - M66 ” or “ M66 ” 20 optionally 2 ' - O - methyl RNA monomers , underlined residues 
modification pattern . are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 

strand is the sense strand , and the bottom strand is the In additional embodiments , the DsiRNA comprises : antisense strand . In another related embodiment , the 
DsiRNA comprises : 

25 
5 ' - XXXXXXXX XXXXXXXXXXXXXX - 3 ! 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 30 wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
optionally 2 - O - methyl RNA monomers and underlined resi- strand is the sense strand , and the bottom strand is the 
dues are 2 - O - methyl RNA monomers . The top strand is the antisense strand . In a further related embodiment , the 
sense strand , and the bottom strand is the antisense strand . DsiRNA comprises : 
In one related embodiment , the DsiRNA comprises : 

35 
5 ' - XXXXXXXXXXXXX ( XXXXXXXXXDD - 3 ! 

5 ' - XXXXXXXXX XXXXXXXXXXXXXDD - 3 ! 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , and 
40 “ D ” = DNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over bottom strand is the antisense strand . This modification 

hang domain comprised of 1-4 RNA monomers that are pattern is also referred to herein as the “ AS - M68 ” or “ M68 ” 
optionally 2 - O - methyl RNA monomers , underlined residues modification pattern . 
are 2-0 - methyl RNA monomers , and “ D ” = DNA . The top In additional embodiments , the DsiRNA comprises : 
strand is the sense strand , and the bottom strand is the 45 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - YXXXXXXXXXX XXXXXXXXX - 5 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 50 wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' optionally 2 - O - methyl RNA monomers and underlined resi 
wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top dues are 2 - O - methyl RNA monomers . The top strand is the 
strand is the sense strand , and the bottom strand is the sense strand , and the bottom strand is the antisense strand . 
antisense strand . In a further related embodiment , the 55 In one related embodiment , the DsiRNA comprises : 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXXXXXX XXXXXXXXDD - 3 ! 3'- YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 60 
31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and optionally 2 - O - methyl RNA monomers , underlined residues 
“ D’EDNA . The top strand is the sense strand , and the are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 
bottom strand is the antisense strand . This modification 65 strand is the sense strand , and the bottom strand is the 
pattern is also referred to herein as the “ AS - M67 ” or “ M67 " antisense strand . In another related embodiment , the 
modification pattern . DsiRNA comprises : 
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In additional embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXX XXXXXXXXX - 3 ! 

5 ' - XXXXXXXXXXX XXXXXXXXXXXXX - 3 ! 

3 ' - XXXXXXXXXXXXXXXXX XXXXXXXX - 5 ' 5 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers and underlined resi 

10 dues are 2 ' - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXXXXX 15 XXXXXXXXXXDD - 3 ' 
31 - XXXX < XXXXXXX - 51 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
bottom strand is the antisense strand . This modification hang domain comprised of 1-4 RNA monomers that are 
pattern is also referred to herein as the “ AS - M69 ” or “ M69 ” 20 optionally 2 ' - O - methyl RNA monomers , underlined residues 
modification pattern . are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 

strand is the sense strand , and the bottom strand is the In further embodiments , the DsiRNA comprises : antisense strand . In another related embodiment , the 
DsiRNA comprises : 

25 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 30 wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
optionally 2 - O - methyl RNA monomers and underlined resi- strand is the sense strand , and the bottom strand is the 
dues are 2 - O - methyl RNA monomers . The top strand is the antisense strand . In a further related embodiment , the 
sense strand , and the bottom strand is the antisense strand . DsiRNA comprises : 
In one related embodiment , the DsiRNA comprises : 

35 
5 ' - XXXXXXXXXXXXX ( XXXXXXXXXDD - 3 ! 

5 ' - XXXXXXXX XXXXXXX XXXXXDD - 3 ! 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , and 

40 “ D ” = DNA . The top strand is the sense strand , and the wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over bottom strand is the antisense strand . This modification 
hang domain comprised of 1-4 RNA monomers that are pattern is also referred to herein as the “ AS - M71 ” or “ M71 ” 
optionally 2 - O - methyl RNA monomers , underlined residues modification pattern . 
are 2-0 - methyl RNA monomers , and “ D ” = DNA . The top In further embodiments , the DsiRNA comprises : 
strand is the sense strand , and the bottom strand is the 45 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - YXXXXXXXXXX XXXXXXX - 5 ' 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 50 wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 31 - XXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' optionally 2 - O - methyl RNA monomers and underlined resi 
wherein " X " = RNA and " X " = 2 ' - O - methyl RNA . The top dues are 2 - O - methyl RNA monomers . The top strand is the 
strand is the sense strand , and the bottom strand is the sense strand , and the bottom strand is the antisense strand . 
antisense strand . In a further related embodiment , the 55 In one related embodiment , the DsiRNA comprises : 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

5 ' - XXXXXXXX XXXXXXXXXXXXDD - 3 ! 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' - 

60 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 

hang domain comprised of 1-4 RNA monomers that are 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and optionally 2 - O - methyl RNA monomers , underlined residues 
“ D’EDNA . The top strand is the sense strand , and the are 2 ' - O - methyl RNA monomers , and “ D ” = DNA . The top 
bottom strand is the antisense strand . This modification 65 strand is the sense strand , and the bottom strand is the 
pattern is also referred to herein as the “ AS - M70 ” or “ M70 " antisense strand . In another related embodiment , the 
modification pattern . DsiRNA comprises : 
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In additional embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXX XXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXXXX ( XXXXXXXXXXX - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 5 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

a wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . In a further 
related embodiment , the DsiRNA comprises : 

10 
5 ' - XXXXXXXXXXX XXXXXXXXXDD - 3 ! 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

31 - XXXX XXXXXXX - 5 15 
wherein “ X ” = RNA , " X " = 2 ' - O - methyl RNA , and 
“ D ’ = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M7 * ” or “ M7 * " 
modification pattern . 

In further embodiments , the DsiRNA comprises : 
wherein " X " = RNA , " X " = 2 - O - methyl = ' RNA , and 
“ D’EDNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M72 ” or “ M72 ” 20 
modification pattern . 

In additional embodiments , the DsiRNA comprises : 
5 ' - XXXXXXXXXXXX? ( XXXXXXXXXXX - 3 ! 

25 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 3 ' -YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 30 
optionally 2 - O - methyl RNA monomers and underlined resi 
dues are 2 - O - methyl RNA monomers . The top strand is the 
sense strand , and the bottom strand is the antisense strand . 
In one related embodiment , the DsiRNA comprises : 

and 
35 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein “ X ” = RNA , “ ' O " X " = 2 - O - methyl RNA , 
“ D " = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M6 * ” or “ M6 * " 
modification pattern . 

In other embodiments , the DsiRNA comprises : 
5 ' - XXXXXXXX XXXXXXXXXXXXXDD - 3 ! 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
40 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 - O - methyl RNA monomers , underlined residues 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
are 2-0 - methyl RNA monomers , and “ D ” = DNA . The top wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 45 strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the antisense strand . In another related embodiment , the 
DsiRNA comprises : DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 50 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA and " X " = 2 ' - O - methyl RNA . The top wherein " X " = RNA , " X " = 2 - O - methyl RNA , , and 
strand is the sense strand , and the bottom strand is the “ D ” = DNA . The top strand is the sense strand , and the 
antisense strand . In a further related embodiment , the 55 bottom strand is the antisense strand . This modification 
DsiRNA comprises : pattern is also referred to herein as the “ AS - M5 * ” or “ M5 * " 

modification pattern . 
In further embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
60 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' I 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

wherein 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
bottom strand is the antisense strand . This modification 65 strand is the sense strand , and the bottom strand is the 
pattern is also referred to herein as the “ AS - M73 ” or “ M73 ” antisense strand . In a further related embodiment , the 
modification pattern . DsiRNA comprises : 
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bottom strand is the antisense strand . This modification 
5 ' - XXXXXXXX XXXXXXXXXXXDD - 3 ' pattern is also referred to herein as the “ AS - M10 * " or 

“ M10 * ” modification pattern . 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
In further embodiments , the DsiRNA comprises : wherein " X " = RNA , " X " = 2 - O - methyl ” RNA , and 5 

" D " = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 5 ' - XXXXXXXXXXXX? ( XXXXXXXXXXX - 3 ! 

pattern is also referred to herein as the “ AS - M4 * ” or “ M4 * ” 
modification pattern . 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

In additional embodiments , the DsiRNA comprises : wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 
DsiRNA comprises : 

( XXXXXXX - 5 ' 15 

10 

31 - XXXXX 

5 ' - XXXXXXXXXX XXXXXXXXDD - 3 ! wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

20 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ’ = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M11 * " or 
“ M11 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : 

3 ' - ???????? XXXXXXXXXXXXXXXX - 5 ' 
25 

wherein " X " = RNA , " X " = 2 - O - methyl ' RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M8 * ” or “ M8 * " 
modification pattern . 

In additional embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

30 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 35 31 - XXXXXXXX XXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 40 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 

45 pattern is also referred to herein as the " AS - M13 * " or 
“ M13 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M2 * ” or “ M2 * " 
modification pattern . 

In other embodiments , the DsiRNA comprises : 
50 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

55 

wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

60 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXX XXXXXXXXXDD - 3 ' 

3 ' - XXXXXXXXX XXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , , and 
“ D " = DNA . The top strand is the sense strand , and the 

65 bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M14 * ” or 
“ M14 * ” modification pattern . 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D " = DNA . The top strand is the sense strand , and the 
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In additional embodiments , the DsiRNA comprises : wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXX KXXXXXXXXXXXXX - 3 ' 

5 

51 - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3' -XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXX KXXXDD - 31 

10 wherein " X " = RNA , " X " = 2 - O - methyl RNA , ” ' and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M18 * " or 
“ M18 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 15 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M15 * " or 
“ M15 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

20 3 ' - XXXXXXXX XXXXXXXX - 5 

wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

25 
3 ' - XXXXXXXX XXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXX XXXXXXXXDD - 3 ' wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
30 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M19 * " or 

35 “ M19 * ” modification pattern . 
In further embodiments , the DsiRNA comprises : 

31 - XXXXXX XXXXXXXX - 5 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M16 * " or 
“ M16 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 
40 3 ' - YXXXXXX XXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an over 
hang domain comprised of 1-4 RNA monomers that are 
optionally 2 ' - O - methyl RNA monomers , underlined residues 

45 are 2 - O - methyl RNA monomers , and “ D ” = DNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In another related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXX XXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA and “ X ” = 2-0 - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 50 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
55 strand is the sense strand , and the bottom strand is the 

antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXX XXXXXXXXXXXXX - 5 ' 
wherein " X " = RNA , “ X ” = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M17 * " or 
“ M17 * " modification pattern . 

In further embodiments , the DsiRNA comprises : 
60 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

3 ' - XXXXXXXXX XXXXXXXXXXXXX - 5 

51 - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , , and 
“ D " = DNA . The top strand is the sense strand , and the 

65 bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M20 * ” or 
“ M20 * ” modification pattern . 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
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In additional embodiments , the DsiRNA comprises : wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXX KXXXXXXXXXXXXX - 3 ' 

5 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXX < XXXXXXXXXXXXXXXX - 5 ' 
10 

5 ' - XXXXXXX KXXXDD - 31 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D " = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M26 * " or 
“ M26 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 15 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M22 * " or 
“ M22 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

20 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 

25 DsiRNA comprises : 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - XXXX ) XXXXXXXX - 5 ' 

51 - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 30 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M27 * " or 
“ M27 * " modification pattern . 

In additional embodiments , the DsiRNA comprises : 

31 - XXXXX XXXXXXXX - 5 35 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M24 * ” or 
“ M24 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 40 

3 ' - XXXXXXXX ( XXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 

45 antisense strand . In a further related embodiment , the 
DsiRNA comprises : 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA and “ X ” = 2-0 - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

50 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

55 

wherein " X " = RNA , “ " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M28 * " or 
" M28 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein " X " = RNA , “ X ” = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M25 * " or 
“ M25 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : 
60 

51 - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

51 - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
65 strand is the sense strand , and the bottom strand is the 

antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
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bottom strand is the antisense strand . This modification 
5 ' - XXXXXXXX ( XXXXXXXXXXXXXDD - 3 pattern is also referred to herein as the “ AS - M37 * " or 

“ M37 * " modification pattern . 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
In further embodiments , the DsiRNA comprises : wherein " X " = RNA , " X " = 2 - O - methyl “ ” RNA , and 5 

" D " = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

pattern is also referred to herein as the “ AS - M29 * " or 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' “ M29 * ” modification pattern . 
In additional embodiments , the DsiRNA comprises : wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 

strand is the sense strand , and the bottom strand is the 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 antisense strand . In a further related embodiment , the 

DsiRNA comprises : 
XXXXXXXX - 5 15 

10 

31 - XXXXX 

5 ' - XXXXXXXXXX XXXXXXXXDD - 3 ! wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

20 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , and 
“ D ’ = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M38 * " or 
“ M38 * " modification pattern . 

In further embodiments , the DsiRNA comprises : 

31 - XXXXXXX XXXXXXXXX - 5 
25 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M34 * ” or 
“ M34 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

30 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 35 3 ' - XXXXXXXX XXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 40 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 

45 pattern is also referred to herein as the “ AS - M40 * " or 
“ M40 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M35 * ” or 
“ M35 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 
50 51 - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

55 

wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

60 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
5 ' - XXXXXXXXXX XXXXXXXXXXDD - 3 ' 

31 - XXXXXXXXX XXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , X , and 
“ D " = DNA . The top strand is the sense strand , and the 

65 bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M41 * " 
“ M41 * " modification pattern . 

or wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D " = DNA . The top strand is the sense strand , and the 
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In further embodiments , the DsiRNA comprises : wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

5 

51 - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
10 

5 ' - XXXXXXX KXXXDD - 31 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , ' and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M44 * " or 
“ M44 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : 
3 ' - XXXXXXXX XXXXXXXXXXXXXX - 5 ' 15 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M36 * " or 
“ M36 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

20 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 

wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 

25 DsiRNA comprises : 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

3 ' - XXXXXXX XXXXXXXXXXXXXX - 5 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXX XXXXXXXX - 5 30 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D " = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M46 * " or 
“ M46 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 
3 ' - XXXXXX XXXXXXXXXXXXXXXX - 5 ' 35 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M42 * " or 
“ M42 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 40 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 

45 antisense strand . In a further related embodiment , the 
DsiRNA comprises : 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA and “ X ” = 2-0 - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

50 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

55 

wherein " X " = RNA , “ " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M47 * " or 
“ M47 * " modification pattern . 

In further embodiments , the DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein " X " = RNA , “ X ” = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M43 * " or 
“ M43 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 
60 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

51 - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
65 strand is the sense strand , and the bottom strand is the 

antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 
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bottom strand is the antisense strand . This modification 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! pattern is also referred to herein as the “ AS - M55 * " or 

“ M55 * ” modification pattern . 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
In further embodiments , the DsiRNA comprises : wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , 

" D " = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 5 ' - XXXXXXXXXXXX? ( XXXXXXXXXXX - 3 ! 

pattern is also referred to herein as the “ AS - M48 * " or 
31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' “ M48 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 
DsiRNA comprises : 

XXXXXXX - 5 15 

10 

31 - XXXXX 

5 ' - XXXXXXXXXX XXXXXXXXDD - 3 ! wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

20 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

wherein " X " = RNA , “ ' " X " = 2 - O - methyl RNA , and 
“ D ’ = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M56 * " or 
“ M56 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 

3 ' - XXXXXXX XXXXXXXXX - 5 
25 

wherein " X " = RNA , “ X ” = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M52 * " or 
“ M52 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

30 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 35 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 
wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 40 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , - and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 

45 pattern is also referred to herein as the “ AS - M57 * " or 
“ M57 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : 
wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M54 * ” or 
“ M54 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 
50 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

55 

wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

60 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXX XXXXXXXXXXDD - 3 ' 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , X , and 
“ D " = DNA . The top strand is the sense strand , and the 

65 bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M58 * ” or 
“ M58 * ” modification pattern . 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D " = DNA . The top strand is the sense strand , and the 
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In additional embodiments , the DsiRNA comprises : wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

5 

51 - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
10 

5 ' - XXXXXXX KXXXDD - 31 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , ' and 
“ D " = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M62 * " or 
“ M62 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 15 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M59 * " or 
“ M59 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXX? ( XXXXXXXXXXX - 3 ! 

20 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 

25 DsiRNA comprises : 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 

3 ' - XXXX ) XXXXXXXXX - 5 

51 - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 30 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D " = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M63 * " or 
“ M63 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : 

31 - XXXXX XXXXXXXX - 5 ' 35 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M60 * " or 
“ M60 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 40 

31 - XXXXXXXXXXXXX XXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 

45 antisense strand . In a further related embodiment , the 
DsiRNA comprises : 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

50 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 55 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , ' and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M64 * " or 
“ M64 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 
wherein " X " = RNA , “ X ” = 2 ' - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M61 * " or 
“ M61 * " modification pattern . 

In further embodiments , the DsiRNA comprises : 
60 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

51 - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
65 strand is the sense strand , and the bottom strand is the 

antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 



or 
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bottom strand is the antisense strand . This modification 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' pattern is also referred to herein as the “ AS - M68 * " 

“ M68 * ” modification pattern . 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
In additional embodiments , the DsiRNA comprises : wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , and 5 

" D " = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 5 ' - XXXXXXXXXXX ( XXXXXXXXXXXXX - 3 ' 

pattern is also referred to herein as the “ AS - M65 * ” or 
31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 “ M65 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 
DsiRNA comprises : 

KXXXXXXX - 5 ' 15 

10 

31 - XXXXXX 

5 ' - XXXXXXXXX XXXXXDD - 3 ! wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

20 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

wherein " X " = RNA , “ ' " X " = 2 - O - methyl RNA , and 
“ D ’ = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M69 * " or 
“ M69 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : 

3 ' - XXXXXXXX XXXXXXXXXXXXXXXX - 5 ' 
25 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M66 * " or 
“ M66 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

30 31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ! - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 35 3 ' - XXXXXXXX XXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 
wherein “ X ” = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 40 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 

45 pattern is also referred to herein as the " AS - M70 * " or 
“ M70 * ” modification pattern . 

In additional embodiments , the DsiRNA comprises : 
wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M67 * " or 
“ M67 * ” modification pattern . 

In further embodiments , the DsiRNA comprises : 
50 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 

55 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein " X " = RNA and “ X ” = 2 ' - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 

strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 

60 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

5 ' - XXXXXXXXX XXXXXXXXXXXXDD - 3 ! 

31 - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , " and 
“ D " = DNA . The top strand is the sense strand , and the 

65 bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M71 * " 
“ M71 * " modification pattern . 

or wherein " X " = RNA , " X " = 2 - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
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In further embodiments , the DsiRNA comprises : 
100 

- continued 
3 ' - FFFXFXFXFXFXFXFXFXXXXXXFFFF - 5 ' " AS - M90 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ! 
3 ' - FFFXXXXXXXX XXXXXXXXXXXXXFF - 5 ' " AS - M91 " 

5 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 3 ' - XXXXXXFXXXXXFXFXXXXXXXXXXXX - 5 ' " AS - M92 " 

3 ' - FFFXFXXXXXXXXXXXXXFXXXXXXXX - 5 ' " AS - M93 " wherein " X " = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 

3 ' - FFFXFXFXXXXXFXFXFXFXXXXFFFF - 5 ' " AS - M94 " 
10 

3 ' - FFFXFXFXFXFXFXFXFXXXXXXFFFF - 5 ! " AS - M95 " 

3 ' - FFFXFXFXFXFXFXFXFXXXXXXFFFPF - 5 ' " AS - M96 " 
5 ' - XXXXXXX KXXXDD - 31 

3 ' - XXXXXXX XXXX XXXXXXXX - 5 " AS - M210 " 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 15 

3'- -XXXXX XXXXXXXX - 5 " AS - M74 * " 

3 ' - XXXXXX ( XXXXXXXXX - 5 ! " AS - M75 * " 
wherein “ X ” = RNA , " X " = 2 - O - methyl RNA , and 
“ D’EDNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M72 * " or 
“ M72 * " modification pattern . 

In additional embodiments , the DsiRNA comprises : 

3 ' - XXXXXXX XXXXXXXXX - 5 " AS - M76 * " 

20 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' " AS - M77 * " 

3 ' - XXXXXXXXX XXXXXXXXXXXXXXX - 5 ' " AS - M78 * " 

31 - XXXXXXX XXXXXXXXXXXXXXXX - 5 " AS - M79 * " 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

25 31 - XXXX XXXX - 5 " AS - M80 * " 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 

3 ' - XpXXXXX XXXXXXXXXX - 5 ' " AS - M82 * " 

3 ' - XpXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' " AS - M83 * " 
wherein “ X ” = RNA and “ X ” = 2 - O - methyl RNA . The top 
strand is the sense strand , and the bottom strand is the 
antisense strand . In a further related embodiment , the 
DsiRNA comprises : 30 31 - XXXXXXXXXX XXXXXXXXXXXXX - 5 ' " AS - M84 * " 

3 ' - XFFXXXXXX XXXXXXXFFFF - 5 ' " AS - M88 * " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! 31 - XXXXFXXXFXFX XXXXXXX - 5 ' " AS - M89 * " 

35 3 ' - XFFXFXFXFXFXFXFXFXXXXXXFFFF - 5 ' " AS - M90 * " 

3 ' - XFFXXXXXXXXX XXXXXXXXXFF - 5 ' " AS - M91 * " 

31 - XXXXXXFXXXXXFXFXXXXXXXXXXXX - 5 ' " AS - M92 * " 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' 
wherein “ X ” = RNA , " X " = 2 ' - O - methyl RNA , and 
“ D ” = DNA . The top strand is the sense strand , and the 
bottom strand is the antisense strand . This modification 
pattern is also referred to herein as the “ AS - M73 * " or 
“ M73 * " modification pattern . 
Additional exemplary antisense strand modifications include 
the following : 

40 3 ' - XFFXFXXXXXXXXXXXXXFXXXXXXXX - 5 ' " AS - M93 * " 
3 ' - XFFXFXFXXXXXFXFXFXFXXXXFFFF - 5 ' " AS - M94 * " 

3 ' - XFFXFXFXFXFXFXFXFXXXXXXFFFF - 5 ' I " AS - M95 * " 

31 - XXXXXX XXXXXXXX - 5 " AS - M74 " " AS - M96 * " 45 3 ' - XFFXFXFXFXFXFXFXFXXXXXXFFFPF - 5 

31 - XXXXXX XXXXXXX - 5 " AS - M75 " 3 ' - XXXXXXXXXX XXXXXXXXX - 5 " AS - M210 * " 

31 - XXXXXX < XXXXX - 5 " AS - M76 " 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' " AS - M77 " 50 

3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' " AS - M78 " 

where “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ D ” = DNA , 
“ F ” = 2 ' - Fluoro NA and “ p ” = Phosphorothioate linkage . 
In certain additional embodiments , the antisense strand of 
selected dsRNAs of the invention are extended , optionally at 
the 5 ' end , with an exemplary 5 ' extension of base “ AS - M8 ” , 
“ AS - M17 ” and “ AS - M48 ” modification patterns respec 

55 tively represented as follows : 

3 ' - XXXXXX - XXXXXXXXX - 5 ' " AS - M79 " 

31 - XXXXXX XXXXXXXX - 5 ' " AS - M80 " 

31 - XXXXXX XXXXXXXXX - 5 ' " AS - M81 " 

3 ' - XpXXXXXXXXXXXXXXXXXXXXXXXXXX - 5 ' " AS - M82 " ( SEQ ID NO : 3493 ) 
31 - XXXXXXXXXXXXXXXXXXXXXXXXXXXUAGCUAUCGT - 5 ' 
" AS - M8 , extended " 3 ' - XpXXXXXXXXXXXXXXXXXXXXXXXXXX ( -5 ) " AS - M83 " 

60 

3 ' - XXXXXX XXXXXXXX - 5 " AS - M84 " ( SEQ ID NO : 3493 ) 
3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXXUAGCUAUCGT - 5 ' 
" AS - M17 , extended " 31 - XXXXXX XXXXXX - 5 " AS - M85 " 

31 - FFFXXXXXXXXX XXXXXXFFFF - 5 " AS - M88 " 
65 

( SEQ ID NO : 3493 ) 
31 - XXXXXXXXXXXXXXXXXXXXXXXXXXXUAGCUAUCGT - 5 ' 
" AS - M48 , extended " 31 - XXXXFXXXFXFXXXXXXXXXXXXXXXX - 5 ' " AS - M89 " 



5 ' - XXX 

" SM40 " 
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where " X " = RNA ; “ X ” = 2 ' - O - methyl RNA ; “ F ” = 2 ' - Fluoro - continued 
NA and “ A ” in bold , italics indicates a 2 ' - Fluoro - adenine 
residue . XXXXDD - 3 ' " SM39 " 

In certain embodiments , the sense strand of a DsiRNA of 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' the invention is modified — specific exemplary forms of 5 
sense strand modifications are shown below , and it is con XXXXDD - 3 ! 
templated that such modified sense strands can be substi 51 - XXXXXX XXXXXDD - 3 ' tuted for the sense strand of any of the DsiRNAs shown 
above to generate a DsiRNA comprising a below - depicted XXXXDD - 3 ! " SM43 " 
sense strand that anneals with an above - depicted antisense 10 
strand . Exemplary sense strand modification patterns XXXXDD - 3 ' " SM44 " 
include : " SM45 " , 

5 ' - XXXXXXXX " SM41 " 

" SM42 " 

5 ' - XXXX 

5 ' - XXXX 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM47 " 

5 ' -XXXXXXX ( XXXX XXXXXDD - 31 " SM46 " 
5 ' - XXXXXX XXXXDD - 3 ! " SM1 " 15 

5 ' - XXXXX XXXXXXXXDD - 3 ' " SM48 " 

5 ' - XXXXXXXXXXXX XXXXXXDD - 3 ' " SM2 " 
5 ' - XXXXXX XXXXXDD - 3 ' " SM49 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! " SM3 " 
5 ' - XXXXXXX XXXXXDD - 3 ' " SM50 " 

5 ' - XXXXXX XXXXXXXXXDD - 3 ' " SM4 " 
20 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM51 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM5 " 
5 ' - XXXXXXXX XXXXXXXXXDD - 3 ' " SM52 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM6 " 
5 ' - XXXXXX XXXXXDD - 3 ! " SM53 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM7 " 
25 5 ' - XXX XXXXDD - 3 ! " SM54 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SMS " 
5 ' - XXXXXXX XXXXXXDD - 3 ' " SM55 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! " SM9 " 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! " SM56 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM10 " 
30 5 ' - XXXXXXXXXXX XXXXXXXXXXXDD - 3 ' " SM57 " 

5 ' - XXXXXX XXXXXXDD - 3 ' " SM11 " 
5 ' - XXXXXXXXX - XXXXDD - 31 " SM58 " 

5 ' - XXXXXX XXXXXDD - 3 ! " SM12 " 
5 ' - XXXXX XXXXDD - 3 ! " SM59 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! " SM13 " 
35 5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM60 " 

5 ' - XXXXXX XXXXXXXXXXXDD - 3 ' " SM14 " 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM61 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM15 " 
5 ' - XXXXXXX XXXXXXXDD - 31 " SM62 " 

5 ' - XXXXXX XXXXXXDD - 3 ' " SM16 " 
5 ' - XXXXXX XXXXXXXXXXDD - 3 ' SM63 " 

40 5 ' - XXXXXX KXXXDD - 3 ' " SM17 " 
5 ' - XXXXXX XXXXXDD - 3 ! " SM64 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! " SM18 " 
5 ' - XXXX XXXXDD - 3 ' " SM65 " 

5 ' - XXXXXX XXXXXXXXXXXXXXXDD - 3 ' " SM19 " 
5 ' - XXXXXXXXXXX < XXXXXXXXXXpDpD - 3 ! " SM66 " 

5 ' - XXXXXX < XXXXXDD - 3 ! " SM20 " 45 
5 ' -XpXXXXX XXXXXDD - 3 ' " SM67 " 

51 - XXXXXX KXXXXDD - 3 ! " SM21 " 
5 ' - XpXXXXXXX XXXXXXpDpD - 3 ' " SM68 " 

5 ' - XXXXXX XXXXDD - 3 " SM23 " 
5 ' - DXXXXX XXXXDD - 3 ' " SM69 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM24 " 50 
5 ' - DpXXXXX XXXXXpDpD - 3 ' " SM70 " 

51 - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! " SM25 " 
5 ' - DXDXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM71 " 

5 ' - XXXXXX XXXXXXDD - 3 ' " SM30 " 
5 ' - DpXDXXXXX XXXXXDD - 31 " SM72 " 

5 ' - XXXXXX XXXXXDD - 31 " SM31 " 55 
5 ' - XXDXXXXX XXXXDD - 3 ) " SM73 " 

5 ' - XXXXXX < XXXXXDD - 3 ' " SM32 " 
5 ' - XpXDXXXX < XXXXXXDD - 3 ' " SM74 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! " SM33 " 
5 ' - DXDXXXXXXXXXDXXXXXDXXXXDD - 3 ' " SM75 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! " SM34 " 60 5 ' - DpXDXXXXXXXXXDXXXXXDXXXXDD - 3 ' " SM76 " 
5 ' - XXXXXX XXXXXXXXXDD - 3 ' " SM35 " 

5 ' -XpXpXXXXXXXXXXXXXXXXXXXXXDD - 3 ! " SM77 " 
5 ' - XXXXXX ( XXXXXXDD - 3 ' " SM36 " 

5 ' -XpXpXXXX XXXXXXXXXXXpDpD - 3 " SM78 " 
5 ' - XXXXXXXXXXX XXXXXXXDD - 3 ' " SM37 " 

65 5 ' - DpXpDXXXXX XXXXXXXDD - 3 ' " SM79 " 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! " SM38 " 
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- continued 
XXXXXXDD - 3 ! " SM80 " 

- continued 
5 ' - XpXpDXXXXXX 

5 ' - XX XXXXDD - 3 ! " SM252 " 
5 ' - DXDXXXDXXXXXDXXXXXDXXXXDD - 3 ! " SM81 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 5 ' - DpXDXXXDXXXXXDXXXXXDXXXXpDPD - 3 ' " SM82 " 5 

5 ' - XXXXXXXXXXX XXXXXXXXXXX - 3 ' 
5 ' C3 spacer - XXXXXXXX XXXXXXXXXXXXDD - 3 ! " SM83 " 

5 ' - XXXXXXX XXXXXXXXX - 3 ' 
5 ' C3 spacer - XXDXXXXX XXXXXXDD - 3 ! " SM84 " 

5 ' - XXXXX XXXXXX - 31 
5 ' C3 spacer - XXXX XXXXXXpDPD - 31 " SM85 " 10 

5 ' - XXXXXXXXX XXXXXXX - 3 ! 
5 ' - XXXXXXXXXXX XXXXXXXpDpD - 3 ' " SM86 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 
5 ' - XpXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM87 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 
5 ' - XpXXXXXXX XXXXXXXXXXXXpDPD - 3 ' " SM88 " 15 

5 ' - XXXXXXX XXXXXXXXX - 3 ' 
5 ' - DXXXXX XXXXXXXDD - 3 ! " SM89 " 

5 ' - XXXXXX XXXXXXXX - 3 
5 ' - DpXXXX XXXXXp DpD - 3 ! " SM90 " 

5 ' - XXXXXXXXXX < XXXXXXXXXXX - 3 ' 
5 ' - DXDXXXXXXXX XXXXXXXDD - 3 ' " SM91 " 

20 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 
5 ' - DpXDXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM92 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 
5 ' - XXDXXXXXXXXXDXXXXXXXXXXDD - 3 ' " SM93 " 

5 ' - XXXXXXX XXXXXXXXX - 3 ! 
5 ' - XpXDXXXXXXXXXDXXXXXXXXXXDD - 3 ' " SM94 " 

25 5 ' -?? XXXXXX - 3 
5 ' - DXDXXX DXXXXXDXXXXDD - 3 ! " SM95 " 

5 ' - XXXXXXX XXXXXXXXXXXX - 3 ! 
5 ' - DpXDXXXXXXXXXDXXXXXDXXXXDD - 3 ! " SM96 " 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 5 ' - XpXpXXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM97 " 
30 5 ' - XXXXXXXXX XXXXXXXXXXXX - 31 

5 ' - XpXpXXXXXX XXXXXXXXXXXpDpD - 3 ' " SM98 " 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

5 ' - DpXpDXXXXXX ( XXXXXXXDD - 3 ! " SM99 " 
5 ' - XXXXXX XXXXXX - 3 ' 

5 ' - XpXpDXXXXXXXXXDXXXXXXXXXXDD - 3 ' " SM100 " 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 35 

5 ' - DXDXXXXXXXXXDXDXXXDDXXDDD - 3 ' " SM101 " 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

5 ' - DpXDXXXDXXXXXDXXXXXDXXXXpDpD - 3 ! 1 SM102 " 
5 ' - XXXXXXXX XXXXXXXXXXXXXXX - 3 ' 

5 ' 03 spacer - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM103 " 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 40 5 ' C3 spacer - XXDXXXXXXXXXDXXXXXXXXXXDD - 3 ! " SM104 " 
5 ' - XXXXX XXXXXX - 3 ' 

5 ' C3 spacer - XXXXXX XXX XXXXXXpDpD - 3 ! " SM105 " 
5 ' - XXX XXXXXX - 31 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! " SM106 " 

5 ' - XXXXXXX XXXXXXXXXXXXXX - 3 ' 
5 ' - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! " SM107 " 45 

5 ' - XXXXXX XXXXXXX - 31 
5 ' - XXXXXX - XXXXXXXXXXXXXXXDD - 3 ' " SM108 " 

5 ' - XXXXX ( XXXXXX - 3 ' 
5 ' - XFXXXX XFXXXXXDD - 3 ! " SM110 " 

5 ' - XXXX XXXXXX - 3 ! 
5 ' - XXXFXFX XXXXXDD - 3 ' " SM111 " 50 

5 ' - XXX XXXXXX - 3 ' 
5 ' - XFXFXFXFXXXFXFXFXFXXXXXDD - 3 ' " SM112 " 

5 ' - XXXXXXXXXXXX XXXXXXXXXXXX - 3 ' 
5 ' - XPFXFXFXFXXXFXFXFXFXXXXXpDPD - 3 ' " SM113 " - 

5 ' - XXXXXX XXXXXXX - 31 
5 ' - XFXXXXXXXXXXXXXXXXXXXXXDD - 3 ' " SM114 11 55 

5 ' - XXXXX XXXXXXXXX - 31 
5 ' - XXXXFFXFXXXFXFXXXXXXXXXDD - 3 ' " SM115 " 

5 ' - XXXXX XXXXXXX - 3 
5 ' - XFXFXX XXXXXXDD - 3 ' " SM116 " 

5 ' - XX XXXXXXX - 3 ! 
5 ' - XFXFFFXFXXXFXFXFFFXXXXXDD - 3 ! " SM117 " 

60 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 
5 ' - XFXFXFXFXXXFXFXFXFXXXXXDD - 3 ! " SM118 " 

5 ' - XXXXXXXXXXX XXXXXXXXXXXX - 3 ' 5 ' - XpFXFXFXFXXXFXFXFXFXXXXXpDPD - 3 ' " SM119 " 
5 ' - XXXXXX XXXXXX - 3 

51 - XXXXXXXXXXXXX XXXXXXXXDD - 3 ' " SM250 " 
65 5 ' - XXXXXX XXXXXX - 3 ! 

51 - XXXXXXXXXXXXXXXXXXXXXXXDD - 3 ! " SM251 " 
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KXXXXXX - 3 ' 5 ' - XXXXXX 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXX - 3 ' 

5 ' - XXXXXXXXXXXX XXXXXXXXX - 3 ' 
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that any of the following exemplary structures can be 
combined , e.g. , with the bottom strand modification patterns 
of the above - described structures in one specific example , 
the bottom strand modification pattern shown in any of the 

5 above structures is applied to the 27 most 3 ' residues of the 
bottom strand of any of the following structures ; in another 
specific example , the bottom strand modification pattern 
shown in any of the above structures upon the 23 most 3 ' 
residues of the bottom strand is applied to the 23 most 3 ' 

10 residues of the bottom strand of any of the following 
structures ) : 

In one such embodiment , the DsiRNA comprises the 
following ( an exemplary " right - extended ” , “ DNA extended ” 
DsiRNA ) : 

5 ' - XXXXXX XXXXXXXXX - 3 

5 ' - XXXXXX ( XXXXXXXX - 3 ! 

5 ' - XXXXXX XXXXX - 3 ! 

5 ' - XXXXXX XXXXXXX - 31 

" SM22 " 

5 ' - XXXXXX XXXXXXXXXX - 3 ! 15 

5 ' - XXXXXXXXXXXX XXXXXXXXX - 3 ' 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXN * DxDD - 3 ' 
5 ' - XXXXXX XXXXXX - 3 ' 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXN * DNXX - 5 ' 
5 ' - XXXXXXXXXXX < XXXXXXXXX - 3 ' 

where “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ D ” -DNA , 
" F " = 2 ' - Fluoro NA and " p " = Phosphorothioate linkage . 

The above modification patterns can also be incorporated 
into , e.g. , the extended DsiRNA structures and mismatch 
and / or frayed DsiRNA structures described below . 

In another embodiment , the DsiRNA comprises strands 
having equal lengths possessing 1-3 mismatched residues 
that serve to orient Dicer cleavage ( specifically , one or more 
of positions 1 , 2 or 3 on the first strand of the DsiRNA , when 
numbering from the 3 ' - terminal residue , are mismatched 
with corresponding residues of the 5 ' - terminal region on the 
second strand when first and second strands are annealed to 
one another ) . An exemplary 27mer DsiRNA agent with two 
terminal mismatched residues is shown : 

20 wherein " X " = RNA , “ Y ” is an optional overhang domain 
comprised of 0-10 RNA monomers that are optionally 
2 ' - O - methyl RNA monomers — in certain embodiments , “ Y ” 
is an overhang domain comprised of 1-4 RNA monomers 
that are optionally 2 ' - O - methyl RNA monomers , “ D ” = DNA , 

25 and “ N " = 1 to 50 or more , but is optionally 1-8 or 1-10 . 
“ N * " = 0 to 15 or more , but is optionally 0 , 1 , 2 , 3 , 4 , 5 or 6 . 
In one embodiment , the top strand is the sense strand , and 
the bottom strand is the antisense strand . Alternatively , the 
bottom strand is the sense strand and the top strand is the 

30 antisense strand . 
In a related embodiment , the DsiRNA comprises : 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXXN + DADD - 3 ' 
35 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXN * DNDD - 5 ' 

5 ' - XXXXXXXXXX XXXXXXXXXMM - 31 
1-31 

wherein “ X ” = RNA , “ Y ” is an optional overhang domain 
comprised of 0-10 RNA monomers that are optionally 
2 - O - methyl RNA monomers in certain embodiments , “ Y ” 3 ' - XXXXXXXXXXXXXXXXXXXXXXXXXXMM 40 is an overhang domain comprised of 1-4 RNA monomers 

wherein “ X ” = RNA , “ M ” = Nucleic acid residues ( RNA , that are optionally 2 - O - methyl RNA monomers , “ D ” = DNA , 
DNA or non - natural or modified nucleic acids ) that do not and “ N ” = 1 to 50 or more , but is optionally 1-8 or 1-10 . 
base pair ( hydrogen bond ) with corresponding “ M ” residues “ N * " = 0 to 15 or more , but is optionally 0 , 1 , 2 , 3 , 4 , 5 or 6 . 
of otherwise complementary strand when strands are In one embodiment , the top strand is the sense strand , and 
annealed . Any of the residues of such agents can optionally 45 the bottom strand is the antisense strand . Alternatively , the 
be 2 ' - O - methyl RNA monomers alternating positioning of bottom strand is the sense strand and the top strand is the 
2 - O - methyl RNA monomers that commences from the antisense strand . 
3 ' - terminal residue of the bottom ( second ) strand , as shown In an additional embodiment , the DsiRNA comprises : 
for above asymmetric agents , can also be used in the above 
“ blunt / fray ” DsiRNA agent . In one embodiment , the top 50 
strand is the sense strand , and the bottom strand is the 5 ' - XXXXXXXXXXXXXXXXXXXXXXXXN * DADD - 3 ! 

antisense strand . Alternatively , the bottom strand is the sense 3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXy + Dxzz - 5 ' strand and the top strand is the antisense strand . 
In certain additional embodiments , the present invention wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an 

provides compositions for RNA interference ( RNAi ) that 55 optional overhang domain comprised of 0-10 RNA mono 
possess one or more base paired deoxyribonucleotides mers that are optionally 2-0 - methyl RNA monomers in 
within a region of a double stranded ribonucleic acid certain embodiments , “ Y ” is an overhang domain comprised 
( dsRNA ) that is positioned 3 ' of a projected sense strand of 1-4 RNA monomers that are optionally 2 - O - methyl RNA 
Dicer cleavage site and correspondingly 5 ' of a projected monomers , “ D ” = DNA , “ Z ” = DNA or RNA , and “ N ” = 1 to 50 
antisense strand Dicer cleavage site . The compositions of the 60 or more , but is optionally 1-8 or 1-10 . “ N * " = 0 to 15 or more , 
invention comprise a dsRNA which is a precursor molecule , but is optionally 0 , 1 , 2 , 3 , 4 , 5 or 6. In one embodiment , the 
i.e. , the dsRNA of the present invention is processed in vivo top strand is the sense strand , and the bottom strand is the 
to produce an active small interfering nucleic acid ( siRNA ) . antisense strand . Alternatively , the bottom strand is the sense 
The dsRNA is processed by Dicer to an active siRNA which strand and the top strand is the antisense strand , with 
is incorporated into RISC . 65 2 - O - methyl RNA monomers located at alternating residues 

In certain embodiments , the DsiRNA agents of the inven- along the top strand , rather than the bottom strand presently 
tion can have the following exemplary structures ( noting depicted in the above schematic . 

* 
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In another such embodiment , the DsiRNA comprises : In the structures depicted herein , the 5 ' end of either the 
sense strand or antisense strand can optionally comprise a 
phosphate group 

5 ' - XXXXXXXXXXXXXXXXXXXXXXXXN + DxDD - 3 ' In another embodiment , a DNA : DNA - extended DsiRNA 
3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXN + DNZZ - 5 ' comprises strands having equal lengths possessing 1-3 mis 

matched residues that serve to orient Dicer cleavage ( spe 
wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ Y ” is an cifically , one or more of positions 1 , 2 or 3 on the first strand optional overhang domain comprised of 0-10 RNA mono of the DsiRNA , when numbering from the 3 ' - terminal mers that are optionally 2 - O - methyl RNA monomers- in residue , are mismatched with corresponding residues of the 
certain embodiments , “ Y ” is an overhang domain comprised 10 5 ' - terminal region on the second strand when first and 
of 1-4 RNA monomers that are optionally 2 ' - O - methyl RNA second strands are annealed to one another ) . An exemplary 
monomers , “ D ” = DNA , “ Z ” = DNA or RNA , and “ N ” = 1 to 50 DNA : DNA - extended DsiRNA agent with two terminal mis 
or more , but is optionally 1-8 or 1-10 . “ N * " = 0 to 15 or more , matched residues is shown : 
but is optionally 0 , 1 , 2 , 3 , 4 , 5 or 6. In one embodiment , the 
top strand is the sense strand , and the bottom strand is the 
antisense strand . Alternatively , the bottom strand is the sense 5 ' - DxXXXXXXXXXXXXXXXX XXXXXXXXN + 
strand and the top strand is the antisense strand , with 
2 ' - O - methyl RNA monomers located at alternating residues 3 ' - DNXXXXXXXXXXXXXXXXXXXXXXXXX 

along the top strand , rather than the bottom strand presently 20 wherein “ X ” = RNA , “ M ” = Nucleic acid residues ( RNA , depicted in the above schematic . 
In another such embodiment , the DsiRNA comprises : DNA or non - natural or modified nucleic acids ) that do not 

base pair ( hydrogen bond ) with corresponding “ M ” residues 
of otherwise complementary strand when strands are 

XXXXXXXXXy + DxDD - 3 ' annealed , “ D " = DNA and “ N ” = 1 to 50 or more , but is 
optionally 1-15 or , optionally , 1-8 . “ N * " = 0 to 15 or more , 

3 ' - YXXXXXXXXXXXXXXX XXXXXXXXN + DxZZ - 5 ' but is optionally 0 , 1 , 2 , 3 , 4 , 5 or 6. Any of the residues of 
wherein “ X ” = RNA , “ X ” = 2 - O - methyl RNA , “ Y ” is an such agents can optionally be 2 ' - O - methyl RNA mono 
optional overhang domain comprised of 0-10 RNA mono mers alternating positioning of 2 ' - O - methyl RNA mono 
mers that are optionally 2 - O - methyl RNA monomers — in 30 mers that commences from the 3 ' - terminal residue of the 
certain embodiments , “ Y ” is an overhang domain comprised bottom ( second ) strand , as shown for above asymmetric 
of 1-4 RNA monomers that are optionally 2 - O - methyl RNA agents , can also be used in the above “ blunt / fray ” DsiRNA 
monomers , “ D ” = DNA , “ Z ” = DNA or RNA , and “ N ” = 1 to 50 agent . In one embodiment , the top strand ( first strand ) is the 
or more , but is optionally 1-8 or 1-10 . “ N * " = 0 to 15 or more , sense strand , and the bottom strand ( second strand ) is the 
but is optionally 0 , 1 , 2 , 3 , 4 , 5 or 6. In one embodiment , the 35 antisense strand . Alternatively , the bottom strand is the sense 
top strand is the sense strand , and the bottom strand is the strand and the top strand is the antisense strand . Modifica 
antisense strand . Alternatively , the bottom strand is the sense tion and DNA : DNA extension patterns paralleling those 
strand and the top strand is the antisense strand , with shown above for asymmetric / overhang agents can also be 
2 ' - O - methyl RNA monomers located at alternating residues incorporated into such “ blunt / frayed ” agents . 
along the top strand , rather than the bottom strand presently In one embodiment , a length - extended DsiRNA agent is 
depicted in the above schematic . provided that comprises deoxyribonucleotides positioned at 

In another embodiment , the DsiRNA comprises : sites modeled to function via specific direction of Dicer 
cleavage , yet which does not require the presence of a 
base - paired deoxyribonucleotide in the dsRNA structure . An 

XXXXXXXXX7 + [ X1 / D1 ] NDD - 3 ' exemplary structure for such a molecule is shown : 

5 ' - XXXXXXXXXXXXX 
25 

40 

45 5 ' - XXXXXXXXX 

3 ' - YXXXXXXXXXXXXXXXXXXXXXXXXN * [ X2 / D2 ] xzz - 5 ' 
5 ' - XXXXXXXXXXXXXXXXXXXDDXX - 3 ' 

50 

55 

N + 

wherein “ X ” = RNA , “ Y ” is an optional overhang domain 
comprised of 0-10 RNA monomers that are optionally 3 ! - YXXXXXXXXXXXXXXXXXDDXXXX - 5 ' 
2 - O - methyl RNA monomers in certain embodiments , “ Y ” 
is an overhang domain comprised of 1-4 RNA monomers wherein “ X ” = RNA , “ Y ” is an optional overhang domain 
that are optionally 2 - O - methyl RNA monomers , “ D ” = DNA , comprised of 0-10 RNA monomers that are optionally 
“ Z ” = DNA or RNA , and “ N ” = 1 to 50 or more , but is 2 - O - methyl RNA monomers in certain embodiments , “ Y ” 
optionally 1-8 or 1-10 , where at least one Din is present in is an overhang domain comprised of 1-4 RNA monomers 
the top strand and is base paired with a corresponding D2n that are optionally 2 - O - methyl RNA monomers , and 
in the bottom strand . Optionally , Dix and D1N + 1 are base “ D " = DNA . In one embodiment , the top strand is the sense 
paired with corresponding D2y and D2N + 1 ; D1y , D1y + 1 and strand , and the bottom strand is the antisense strand . Alter 
D19 + 2 are base paired with corresponding D2 , D1N + 1 and natively , the bottom strand is the sense strand and the top 

etc. “ N * " = 0 to 15 or more , but is optionally 0 , 1 , 2 , 60 strand is the antisense strand . The above structure is mod 
3 , 4 , 5 or 6. In one embodiment , the top strand is the sense eled to force Dicer to cleave a minimum of a 21mer duplex 
strand , and the bottom strand is the antisense strand . Alter- as its primary post - processing form . In embodiments where 
natively , the bottom strand is the sense strand and the top the bottom strand of the above structure is the antisense 
strand is the antisense strand , with 2 - O - methyl RNA mono- strand , the positioning of two deoxyribonucleotide residues 
mers located at alternating residues along the top strand , 65 at the ultimate and penultimate residues of the 5 ' end of the 
rather than the bottom strand presently depicted in the above antisense strand will help reduce off - target effects ( as prior 
schematic . studies have shown a 2 - O - methyl modification of at least 

N N 

N 

D1N + 22 
a a 
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the penultimate position from the 5 ' terminus of the anti- In another such embodiment , the DsiRNA comprises : 
sense strand to reduce off - target effects ; see , e.g. , US 2007 / 
0223427 ) . 

In one embodiment , the DsiRNA comprises the following 5 ' - DAZZXXXXXXXXXXXXXXXXXXXXXXXXy * DD - 3 ' 

( an exemplary “ left - extended ” , “ DNA extended ” DsiRNA ) : 3 ' - DNXXXXXXXXXXXXXXXXXXXXXXXXXXN * ZZ - 5 ' 

wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ D " = DNA , 
5 ' - DNXXXXXX XXXXXXXN * Y - 3 ! “ Z ” = DNA or RNA , and “ N ” = 1 to 50 or more , but is 

optionally 1-8 or 1-10 . “ N * " = 0 to 15 or more , but is 
3 ' - DXXXXXXXXXXXXXXXXXXXXXXXXXX * -5 ' 10 optionally 0 , 1 , 2 , 3 , 4 , 5 or 6. In one embodiment , the top 

strand is the sense strand , and the bottom strand is the wherein “ X ” = RNA , “ Y ” is an optional overhang domain antisense strand . Alternatively , the bottom strand is the sense comprised of 0-10 RNA monomers that are optionally strand and the top strand is the antisense strand , with 2 ' - O - methyl RNA monomers- in certain embodiments , “ Y ” 2 - O - methyl RNA monomers located at alternating residues 
is an overhang domain comprised of 1-4 RNA monomers along the top strand , rather than the bottom strand presently 
that are optionally 2 - O - methyl RNA monomers , “ D ” = DNA , depicted in the above schematic . 
and “ N ” = 1 to 50 or more , but is optionally 1-8 or 1-10 . In another such embodiment , the DsiRNA comprises : 
“ N * " = 0 to 15 or more , but is optionally 0 , 1 , 2 , 3 , 4 , 5 or 6 . 
In one embodiment , the top strand is the sense strand , and 
the bottom strand is the antisense strand . Alternatively , the 5 ' - DxZZXXXXXXXXXXXXXXXXXXXXXXXXy * Y - 3 

bottom strand is the sense strand and the top strand is the 3 ' - DNXXXXXXXXXXXXX XXXXXXXXXXXX * -5 ' 
antisense strand . 

In a related embodiment , the DsiRNA comprises : wherein “ X ” = RNA , “ X ” = 2 ' - O - methyl RNA , “ D " = DNA , 
“ Z ” = DNA or RNA , and “ N ” = 1 to 50 or more , but is 
optionally 1-8 or 1-10 . “ N * " = 0 to 15 or more , but is 

25 optionally 0 , 1 , 2 , 3 , 4 , 5 or 6. “ Y ” is an optional overhang 5 ' - DNXXXXXXXXXXXXXXXXXXXXXXXXY * DD - 3 ' domain comprised of 0-10 RNA monomers that are option 
3 ' - D XXXXXXXXXXXXXXXXXXXXXXXXp * XX - 5 ' ally 2 - O - methyl RNA monomers- in certain embodiments , 

“ Y ” is an overhang domain comprised of 1-4 RNA mono 
wherein “ X ” = RNA , optionally a 2 - O - methyl RNA mono- mers that are optionally 2 - O - methyl RNA monomers . In one 
mers “ D ” = DNA , “ N ” = 1 to 50 or more , but is optionally 1-8 30 embodiment , the top strand is the sense strand , and the 
or 1-10 . “ N * " = 0 to 15 or more , but is optionally 0 , 1 , 2 , 3 , bottom strand is the antisense strand . Alternatively , the 
4 , 5 or 6. In one embodiment , the top strand is the sense bottom strand is the sense strand and the top strand is the 
strand , and the bottom strand is the antisense strand . Alter- antisense and , with 2 - O - methyl RNA monomers located 
natively , the bottom strand is the sense strand and the top at alternating residues along the top strand , rather than the 
strand is the antisense strand . 35 bottom strand presently depicted in the above schematic . 

In an additional embodiment , the DsiRNA comprises : In another embodiment , the DsiRNA comprises : 

20 

5 ' - DXXXXXXXXXXXXXXXXXXXXXXXXXX * DD - 31 5 ' - [ X1 / D1 ] pXXXXXXXXXXXXXXXXXXXXXXXXy * DD - 3 ' 
40 

3 ' - DNXXXXXX XXXXXXX * ZZ - 5 ' 3 ' - [ X2 / D2 ] pXXXXXXXXXXXXXXXXXXXXXXXXX * ZZ - 5 ' 

N 

N N + 

D2N + 1 ; DIN N + 1 N + 2 

N + 2 : 
2 

wherein “ X ” = RNA , optionally a 2 ' - O - methyl RNA mono- wherein “ X ” = RNA , “ D ” = DNA , “ Z ” -DNA or RNA , and 
mers “ D ” = DNA , “ N ” = 1 to 50 or more , but is optionally 1-8 “ N ” = 1 to 50 or more , but is optionally 1-8 or 1-10 , where at 
or 1-10 . “ N * " = 0 to 15 or more , but is optionally 0 , 1 , 2 , 3 , least one Din is present in the top strand and is base paired 
4 , 5 or 6. “ Z ” = DNA or RNA . In one embodiment , the top 45 with a corresponding D2y in the bottom strand . Optionally , 
strand is the sense strand , and the bottom strand is the Dly and D1y + 1 are base paired with corresponding D2y and 
antisense strand . Alternatively , the bottom strand is the sense D1 and D1 are base paired with corre 
strand and the top strand is the antisense strand , with sponding D2n , D1N + 1 and Di etc. “ N * " = 0 to 15 or more , 
2 ' - O - methyl RNA monomers located at alternating residues but is optionally 0 , 1 , 2 , 3 , 4 , 5 or 6. In one embodiment , the 
along the top strand , rather than the bottom strand presently 50 top strand is the sense strand , and the bottom strand is the 
depicted in the above schematic . antisense strand . Alternatively , the bottom strand is the sense 

In another such embodiment , the DsiRNA comprises : strand and the top strand is the antisense strand , with 
2 ' - O - methyl RNA monomers located at alternating residues 
along the top strand , rather than the bottom strand presently 

5 ' - DpXXXXXXXXXXXXXXXXXXXXXXXXy * DD - 3 ' 55 depicted in the above schematic . 
In a related embodiment , the DsiRNA comprises : 3 ' - DNXXXXXXXX XXXXXXXX * ZZ - 5 ' 

wherein “ X ” = RNA , optionally a 2 ' - O - methyl RNA mono 
mers “ D ” = DNA , “ N ” = 1 to 50 or more , but is optionally 1-8 5 ' - [ X1 / D1 ] pXXXXXXXXXXXXXXXXXXXXXXXX7 * Y - 3 
or 1-10 . “ N * " = 0 to 15 or more , but is optionally 0 , 1 , 2 , 3 , 60 3 ' - [ X2 / D2 ] > XXXXXXXXXXXXXXXXXXXXXXXXy * - 
4 , 5 or 6. “ Z ” = DNA or RNA . In one embodiment , the top 
strand is the sense strand , and the bottom strand is the wherein “ X ” = RNA , “ D ” = DNA , “ Y ” is an optional overhang 
antisense strand . Alternatively , the bottom strand is the sense domain comprised of 0-10 RNA monomers that are option 
strand and the top strand is the antisense strand , with ally 2 - O - methyl RNA monomers in certain embodiments , 
2 - O - methyl RNA monomers located at alternating residues 65 “ Y ” is an overhang domain comprised of 1-4 RNA mono 
along the top strand , rather than the bottom strand presently mers that are optionally 2 - O - methyl RNA monomers , and 
depicted in the above schematic . “ N ” = 1 to 50 or more , but is optionally 1-8 or 1-10 , where at 

* -5 ' 
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least one Dly is present in the top strand and is base paired that are optionally 2 - O - methyl RNA monomers , and 
with a corresponding D2y in the bottom strand . Optionally , “ D ” = DNA . “ N * " = 0 to 15 or more , but is optionally 0 , 1 , 2 , 
Diy and D1N + 1 are base paired with corresponding D2y and 3 , 4 , 5 or 6. In one embodiment , the top strand is the sense 
D2N + 1 ; Din , D1N + 1 and D1N + 2 are base paired with corre- strand , and the bottom strand is the antisense strand . Alter 
sponding D2n , D10 + 1 and D1N + 2 , etc. “ N * " = 0 to 15 or more , natively , the bottom strand is the sense strand and the top 
but is optionally 0 , 1 , 2 , 3 , 4 , 5 or 6. In one embodiment , the strand is the antisense strand . 
top strand is the sense strand , and the bottom strand is the In any of the above embodiments where the bottom strand 
antisense strand . Alternatively , the bottom strand is the sense of the above structure is the antisense strand , the positioning 
strand and the top strand is the antisense strand , with of two deoxyribonucleotide residues at the ultimate and 2 ' - O - methyl RNA monomers located at alternating residues 10 penultimate residues of the 5 ' end of the antisense strand will along the top strand , rather than the bottom strand presently help reduce off - target effects ( as prior studies have shown a depicted in the above schematic . 

In another embodiment , the DNA : DNA - extended 2 ' - O - methyl modification of at least the penultimate position 
from the 5 ' terminus of the antisense strand to reduce DsiRNA comprises strands having equal lengths possessing 

1-3 mismatched residues that serve to orient Dicer cleavage 15 off - target effects ; see , e.g. , US 2007/0223427 ) . 
( specifically , one or more of positions 1 , 2 or 3 on the first In certain embodiments , the “ D ” residues of the above 
strand of the DsiRNA , when numbering from the 3 ' - terminal structures include at least one PS - DNA or PS - RNA . Option 
residue , are mismatched with corresponding residues of the ally , the “ D ” residues of the above structures include at least 
5 ' - terminal region on the second strand when first and one modified nucleotide that inhibits Dicer cleavage . 
second strands are annealed to one another ) . An exemplary 20 While the above - described “ DNA - extended ” DsiRNA 
DNA : DNA - extended DsiRNA agent with two terminal mis- agents can be categorized as either “ left extended ” or “ right 
matched residues is shown : extended ” , DsiRNA agents comprising both left- and right 

extended DNA - containing sequences within a single agent 
( e.g. , both flanks surrounding a core dsRNA structure are 

MM - 30 5 ' - DNXXXXXXXXXXXXXXXXXXXXXXXXXXN * 25 dsDNA extensions ) can also be generated and used in 
similar manner to those described herein for “ right - ex 3 ' - DNXXXXXXXXXXXXXXXXXXXXXXXXXXN * MM - 5 ' tended ” and “ left - extended ” agents . 

wherein “ X ” = RNA , “ M ” = Nucleic acid residues ( RNA , In some embodiments , the DsiRNA of the instant inven 
DNA or non - natural or modified nucleic acids ) that do not tion further comprises a linking moiety or domain that joins 
base pair ( hydrogen bond ) with corresponding “ M ” residues 30 the sense and antisense strands of a DNA : DNA - extended 
of otherwise complementary strand when strands are DsiRNA agent . Optionally , such a linking moiety domain 
annealed , “ D " = DNA and “ N ” = 1 to 50 or more , but is joins the 3 ' end of the sense strand and the 5 ' end of the 
optionally 1-8 or 1-10 . “ N * " - 0 to 15 or more , but is antisense strand . The linking moiety may be a chemical 
optionally 0 , 1 , 2 , 3 , 4 , 5 or 6. Any of the residues of such ( non - nucleotide ) linker , such as an oligomethylenediol 
agents can optionally be 2 ' - O - methyl RNA monomers 35 linker , oligoethylene glycol linker , or other art - recognized 
alternating positioning of 2 - O - methyl RNA monomers that linker moiety . Alternatively , the linker can be a nucleotide 
commences from the 3 ' - terminal residue of the bottom linker , optionally including an extended loop and / or tetral 
( second ) strand , as shown for above asymmetric agents , can ??? . 
also be used in the above “ blunt / fray ” DsiRNA agent . In one In one embodiment , the DsiRNA agent has an asymmetric 
embodiment , the top strand ( first strand ) is the sense strand , 40 structure , with the sense strand having a 25 - base pair length , 
and the bottom strand ( second strand ) is the antisense strand . and the antisense strand having a 27 - base pair length with a 
Alternatively , the bottom strand is the sense strand and the 1-4 base 3 ' - overhang ( e.g. , a one base 3 ' - overhang , a two 
top strand is the antisense strand . Modification and DNA : base 3 ' - overhang , a three base 3 ' - overhang or a four base 
DNA extension patterns paralleling those shown above for 3 ' - overhang ) . In another embodiment , this DsiRNA agent 
asymmetric / overhang agents can also be incorporated into 45 has an asymmetric structure further containing 2 deoxy 
such " blunt / frayed " agents . nucleotides at the 3 ' end of the sense strand . 

In another embodiment , a length - extended DsiRNA agent In another embodiment , the DsiRNA agent has an asym 
is provided that comprises deoxyribonucleotides positioned metric structure , with the antisense strand having a 25 - base 
at sites modeled to function via specific direction of Dicer pair length , and the sense strand having a 27 - base pair length 
cleavage , yet which does not require the presence of a 50 with a 1-4 base 3 ' - overhang ( e.g. , a one base 3 ' - overhang , a 
base - paired deoxyribonucleotide in the dsRNA structure . two base 3 ' - overhang , a three base 3 ' - overhang or a four base 
Exemplary structures for such a molecule are shown : 3 ' - overhang ) . In another embodiment , this DsiRNA agent 

has an asymmetric structure further containing 2 deoxyri 
bonucleotides at the 3 ' end of the antisense strand . 

5 ' - XXDDXXXXXXXXXXXXXXXXXXXXY * Y - 3 ' Exemplary a - 1 antitrypsin targeting DsiRNA agents of 
the invention , and their associated a - 1 antitrypsin target XXXXXXXXXN * -5 ' sequences , include the following , presented in the below 
series of tables : 

Table Number : 
60 ( 2 ) Selected Human Anti - a - 1 antitrypsin DsiRNA Agents 

5 ' -XDXDXXXXXXXXXXXXXXXXXXXXX * Y - 3 ' ( Asymmetrics ) ; 
31 - DXDXXXXXXXXXXXXXXXXXXXXXy * ( 3 ) Selected Human Anti - a - 1 antitrypsin DsiRNAs , 

Unmodified Duplexes ( Asymmetrics ) ; 
wherein “ X ” = RNA , “ Y ” is an optional overhang domain ( 4 ) DsiRNA Target Sequences ( 21mers ) in a - 1 antitrypsin 
comprised of 0-10 RNA monomers that are optionally 65 mRNA ; 
2 - O - methyl RNA monomers in certain embodiments , “ Y ” ( 5 ) Selected Human Anti - a - 1 antitrypsin “ Blunt / Blunt ” 
is an overhang domain comprised of 1-4 RNA monomers DsiRNAs ; and 

a 

55 

3 ' - DDXXXXXXXX * 

or 
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( 6 ) DsiRNA Component 19 Nucleotide Target Sequences in ( 14 ) Further DsiRNA Target Sequences ( 21mers ) in a - 1 
a - 1 antitrypsin mRNA antitrypsin mRNA ; 
( 7 ) Additional Human Anti - a - 1 antitrypsin DsiRNA Agents ( 15 ) Further Human Anti - a - 1 antitrypsin “ Blunt / Blunt ” 
( Asymmetrics ) ; DsiRNAs ; and 
( 8 ) Additional Human Anti - a - 1 antitrypsin DsiRNAs , 5 ( 16 ) Further DsiRNA Component 19 Nucleotide Target 
Unmodified Duplexes ( Asymmetrics ) ; Sequences in a - 1 antitrypsin mRNA 
( 9 ) Additional DsiRNA Target Sequences ( 21mers ) in a - 1 ( 17 ) Other Human Anti - a - 1 antitrypsin DsiRNA Agents 
antitrypsin mRNA ; ( Asymmetrics ) ; 
( 10 ) Additional Human Anti - a - 1 antitrypsin “ Blunt / Blunt ” ( 18 ) Other Human Anti - a - 1 antitrypsin DsiRNAs , Unmodi 
DsiRNAs ; and 10 fied Duplexes ( Asymmetrics ) ; 
( 11 ) Additional DsiRNA Component 19 Nucleotide Target ( 19 ) Other DsiRNA Target Sequences ( 21mers ) in a - 1 
Sequences in a - 1 antitrypsin mRNA antitrypsin mRNA ; 
( 12 ) Further Human Anti - a - 1 antitrypsin DsiRNA Agents ( 20 ) Other Human Anti - a - 1 antitrypsin “ Blunt / Blunt ” DsiR 
( Asymmetrics ) ; NAs ; and 
( 13 ) Further Human Anti - a - 1 antitrypsin DsiRNAs , 15 ( 21 ) Other DsiRNA Component 19 Nucleotide Target 
Unmodified Duplexes ( Asymmetrics ) ; Sequences in a - 1 antitrypsin mRNA 

TABLE 2 

Selected Human Anti - a - 1 antitrypsin DsiRNA Agents ( Asymmetrics ) 
5 ' -CAUCCCACCAUGAUCAGGAUCACCC - 3 ' ( SEQ ID NO : 1 ) 
3 ' - AUGUAGGGUGGUACUAGUCCUAGUGGG - 5 ' ( SEQ ID NO : 199 ) 
AAT - 395 Target : 5 ' - TACATCCCACCATGATCAGGATCACCC - 3 ' ( SEQ ID NO : 397 ) 

5 ' - CAGCUGGCACACCAGUCCAACAGca - 3 ' ( SEQ ID NO : 2 ) 
3 ' - CGGUCGACCGUGUGGUCAGGUUGUCGU - 5 ' ( SEQ ID NO : 200 ) 
AAT - 475 Target : 5 ' - GCCAGCTGGCACACCAGTCCAACAGCA - 3 ' ( SEQ ID NO : 398 ) 

5 ' - GCUGGCACACCAGUCCAACAGCACC - 3 ' ( SEQ ID NO : 3 ) 
3 ' - GUCGACCGUGUGGUCAGGUUGUCGUGG - 5 ' ( SEQ ID NO : 201 ) 
AAT - 477 Target : 5'- CAGCTGGCACACCAGTCCAACAGCACC - 3 ' ( SEQ ID NO : 399 ) 

5 ' - GGCACACCAGUCCAACAGCACCAat - 3 ' ( SEQ ID NO : 4 ) 
3 ' - GACCGUGUGGUCAGGUUGUCGUGGUUA - 5 ' ( SEQ ID NO : 202 ) 
AAT - 480 Target : 5 ' - CTGGCACACCAGTCCAACAGCACCAAT - 3 ' ( SEQ ID NO : 400 ) 

5 ' - GCACACCAGUCCAACAGCACCAAta - 3 ' ( SEQ ID NO : 5 ) 
3 ' - ACCGUGUGGUCAGGUUGUCGUGGUUAU - 5 ' ( SEQ ID NO : 203 ) 
AAT - 481 Target : 5 ' - TGGCACACCAGTCCAACAGCACCAATA - 3 ' ( SEQ ID NO : 401 ) 

5 ' - CACACCAGUCCAACAGCACCAAUat - 3 ' ( SEQ ID NO : 6 ) 
3 ' - CCGUGUGGUCAGGUUGUCGUGGUUAUA - 5 ' ( SEQ ID NO : 204 ) 
AAT - 482 Target : 5 ' - GGCACACCAGTCCAACAGCACCAATAT - 3 ' ( SEQ ID NO : 402 ) 

5 ' - ACACCAGUCCAACAGCACCAAVATC - 3 ' ( SEQ ID NO : 7 ) 
3 ' - CGUGUGGUCAGGUUGUCGUGGUUAUAG - 5 ' ( SEQ ID NO : 205 ) 
AAT - 483 Target : 5 ' - GCACACCAGTCCAACAGCACCAATATC - 3 ' ( SEQ ID NO : 403 ) 

5 ' - CACCAGUCCAACAGCACCAAVAUCE - 3 ' ( SEQ ID NO : 8 ) 
3 ' - GUGUGGUCAGGUUGUCGUGGUUAUAGA - 5 ' ( SEQ ID NO : 206 ) 
AAT - 484 Target : 5 ' - CACACCAGTCCAACAGCACCAATATCT - 3 ' ( SEQ ID NO : 404 ) 

5 ' - CCAAUAUCUUCUUCUCCCCAGUGag - 3 ' ( SEQ ID NO : 9 ) 
3 ' - GUGGUUAUAGAAGAAGAGGGGUCACUC - 5 ' ( SEQ ID NO : 207 ) 
AAT - 500 Target : 5 ' - CACCAATATCTTCTTCTCCCCAGTGAG - 3 ' ( SEQ ID NO : 405 ) 

5 ' - CAAUAUCUUCUUCUCCCCAGUGASC - 3 ' ( SEQ ID NO : 10 ) 
3 ' - UGGUUAUAGAAGAAGAGGGGUCACUCG - 5 ' ( SEQ ID NO : 208 ) 
AAT - 501 Target : 5 ' - ACCAATATCTTCTTCTCCCCAGTGAGC - 3 ' ( SEQ ID NO : 406 ) 

5 ' - AAVAUCUUCUUCUCCCCAGUGAGca - 3 ' ( SEQ ID NO : 11 ) 
3 ' - GGUUAUAGAAGAAGAGGGGUCACUCGU - 5 ' ( SEQ ID NO : 209 ) 
AAT - 502 Target : 5 ' - CCAATATCTTCTTCTCCCCAGTGAGCA - 3 ' ( SEQ ID NO : 407 ) 

5 ' - AUAUCUUCUUCUCCCCAGUGAGCat - 3 ' ( SEQ ID NO : 12 ) 
3 ' - GUUAUAGAAGAAGAGGGGUCACUCGUA - 5 ' ( SEQ ID NO : 210 ) 
AAT - 503 Target : 5 ' - CAATATCTTCTTCTCCCCAGTGAGCAT - 3 ' ( SEQ ID NO : 408 ) 

5 ' - UAUCUUCUUCUCCCCAGUGAGCATC - 3 ' ( SEQ ID NO : 13 ) 
3 ' - UUAUAGAAGAAGAGGGGUCACUCGUAG - 5 ' ( SEQ ID NO : 211 ) 
AAT - 504 Target : 5 ' - AATATCTTCTTCTCCCCAGTGAGCATC - 3 ' ( SEQ ID NO : 409 ) 

5 ' - AUCUUCUUCUCCCCAGUGAGCAUCg - 3 ' ( SEQ ID NO : 14 ) 
3 ' - UAUAGAAGAAGAGGGGUCACUCGUAGC - 5 ' ( SEQ ID NO : 212 ) 
AAT - 505 Target : 5 ' - ATATCTTCTTCTCCCCAGTGAGCATCG - 3 ' ( SEQ ID NO : 410 ) 
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TABLE 2 - continued 

Selected Human Anti - a - 1 antitrypsin DsiRNA Agents ( Asymmetrics ) 

5 ' - UCUUCUUCUCCCCAGUGAGCAUCOC - 3 ' ( SEQ ID NO : 15 ) 
3 ' - AUAGAAGAAGAGGGGUCACUCGUAGCG - 5 ' ( SEQ ID NO : 213 ) 
AAT - 506 Target : 5 ' - TATCTTCTTCTCCCCAGTGAGCATCGC - 3 ' ( SEQ ID NO : 411 ) 1 

5 ' - CUUCUUCUCCCCAGUGAGCAUCGct - 3 ' ( SEQ ID NO : 16 ) 
3 ' - UAGAAGAAGAGGGGUCACUCGUAGCGA - 5 ' ( SEQ ID NO : 214 ) 
AAT - 507 Target : 5 ' - ATCTTCTTCTCCCCAGTGAGCATCGCT - 3 ' ( SEQ ID NO : 412 ) 

5 ' - UUCUUCUCCCCAGUGAGCAUCGCta - 3 ' ( SEQ ID NO : 17 ) 
3 ' - AGAAGAAGAGGGGUCACUCGUAGCGAU - 5 ' ( SEQ ID NO : 215 ) 
AAT - 508 Target : 5 ' - TCTTCTTCTCCCCAGTGAGCATCGCTA - 3 ' ( SEQ ID NO : 413 ) 

5 ' - UCUUCUCCCCAGUGAGCAUCGCUAC - 3 ' ( SEQ ID NO : 18 ) 
3 ' - GAAGAAGAGGGGUCACUCGUAGCGAUG - 5 ' ( SEQ ID NO : 216 ) 
AAT - 509 Target : 5 ' - CTTCTTCTCCCCAGTGAGCATCGCTAC - 3 ' ( SEQ ID NO : 414 ) 

5 ' - CUUCUCCCCAGUGAGCAUCGCUAca - 3 ' ( SEQ ID NO : 19 ) 
3 ' - AAGAAGAGGGGUCACUCGUAGCGAUGU - 5 ' ( SEQ ID NO : 217 ) 
AAT - 510 Target : 5 ' - TTCTTCTCCCCAGTGAGCATCGCTACA - 3 ' ( SEQ ID NO : 415 ) 

5 ' - UCUCCCCAGUGAGCAUCGCUACAC - 3 ' ( SEQ ID NO : 20 ) 
3 ' - GAAGAGGGGUCACUCGUAGCGAUGUCG - 5 ' ( SEQ ID NO : 218 ) 
AAT - 512 Target : 5 ' - CTTCTCCCCAGTGAGCATCGCTACAGC - 3 ' ( SEQ ID NO : 416 ) 

5 ' - CUCCCCAGUGAGCAUCGCUACAGCC - 3 ' ( SEQ ID NO : 21 ) 
3 ' - AAGAGGGGUCACUCGUAGCGAUGUCGG - 5 ' ( SEQ ID NO : 219 ) 
AAT - 513 Target : 5 ' - TTCTCCCCAGTGAGCATCGCTACAGCC - 3 ' ( SEQ ID NO : 417 ) 

5 ' - CCCCAGUGAGCAUCGCUACAGCCtt - 3 ' ( SEQ ID NO : 22 ) 
3 ' - GAGGGGUCACUCGUAGCGAUGUCGGAA - 5 ' ( SEQ ID NO : 220 ) 
AAT - 515 Target : 5 ' - CTCCCCAGTGAGCATCGCTACAGCCTT - 3 ' ( SEQ ID NO : 418 ) 

5 ' - ACAGCCUUUGCAAUGCUCUCCcUgg - 3 ' ( SEQ ID NO : 23 ) 
3 ' - GAUGUCGGAAACGUUACGAGAGGGACC - 5 ' ( SEQ ID NO : 221 ) 
AAT - 532 Target : 5 ' - CTACAGCCTTTGCAATGCTCTCCCTGG - 3 ' ( SEQ ID NO : 419 ) 

5 ' - UGCAAUGCUCUCCCUGGGGACCAag - 3 ' ( SEQ ID NO : 24 ) 
3 ' - AAACGUUACGAGAGGGACCCCUGGUUC - 5 ' ( SEQ ID NO : 222 ) 
AAT - 540 Target : 5 ' - TTTGCAATGCTCTCCCTGGGGACCAAG - 3 ' ( SEQ ID NO : 420 ) 

5 ' - AAAUCCUGGAGGGCCUGAAUUUCaa - 3 ' ( SEQ ID NO : 25 ) 
3 ' - ACUUUAGGACCUCCCGGACUUAAAGUU - 5 ' ( SEQ ID NO : 223 ) 
AAT - 581 Target : 5 ' - TGAAATCCTGGAGGGCCTGAATTTCAA - 3 ' ( SEQ ID NO : 421 ) 

5 ' - AAUCCUGGAGGGCCUGAAUUUCAac - 3 ' ( SEQ ID NO : 26 ) 
3 ' - CUUUAGGACCUCCCGGACUUAAAGUUG - 5 ' ( SEQ ID NO : 224 ) 
AAT - 582 Target : 5 ' - GAAATCCTGGAGGGCCTGAATTTCAAC - 3 ' ( SEQ ID NO : 422 ) 

5 ' - AUCCUGGAGGGCCUGAAUUUCAACC - 3 ' ( SEQ ID NO : 27 ) 
3 ' - UUUAGGACCUCCCGGACUUAAAGUUGG - 5 ' ( SEQ ID NO : 225 ) 
AAT - 583 Target : 5 ' - AAATCCTGGAGGGCCTGAATTTCAACC - 3 ' ( SEQ ID NO : 423 ) 

5 ' - CCUGGAGGGCCUGAAUUUCAACCEC - 3 ' ( SEQ ID NO : 28 ) 
3 ' - UAGGACCUCCCGGACUUAAAGUUGGAG - 5 ' ( SEQ ID NO : 226 ) 
AAT - 585 Target : 5 ' - ATCCTGGAGGGCCTGAATTTCAACCTC - 3 ' ( SEQ ID NO : 424 ) 

5 ' - CUGGAGGGCCUGAAUUUCAACCUca - 3 ' ( SEQ ID NO : 29 ) 
3 ' - AGGACCUCCCGGACUUAAAGUUGGAGU - 5 ' ( SEQ ID NO : 227 ) 
AAT - 586 Target : 5 ' - TCCTGGAGGGCCTGAATTTCAACCTCA - 3 ' ( SEQ ID NO : 425 ) 

5 ' - UGGAGGGCCUGAAUUUCAACCUCac - 3 ' ( SEQ ID NO : 30 ) 
3 ' - GGACCUCCCGGACUUAAAGUUGGAGUG - 5 ' ( SEQ ID NO : 228 ) 
AAT - 587 Target : 5 ' - CCTGGAGGGCCTGAATTTCAACCTCAC - 3 ' ( SEQ ID NO : 426 ) 

5 ' - CAUGAAGGCUUCCAGGAACUCCUCC - 3 ' ( SEQ ID NO : 31 ) 
3 ' - AGGUACUUCCGAAGGUCCUUGAGGAGG - 5 ' ( SEQ ID NO : 229 ) 
AAT - 634 Target : 5 ' - TCCATGAAGGCTTCCAGGAACTCCTCC - 3 ' ( SEQ ID NO : 427 ) 

5 ' - GAAGGCUUCCAGGAACUCCUCCGta - 3 ' ( SEQ ID NO : 32 ) 
3 ' - UACUUCCGAAGGUCCUUGAGGAGGCAU - 5 ' ( SEQ ID NO : 230 ) 
AAT - 637 Target : 5 ' - ATGAAGGCTTCCAGGAACTCCTCCGTA - 3 ' ( SEQ ID NO : 428 ) : 

5 ' - AAGGCUUCCAGGAACUCCUCCGUac - 3 ' ( SEQ ID NO : 33 ) 
3 ' - ACUUCCGAAGGUCCUUGAGGAGGCAUG - 5 ' ( SEQ ID NO : 231 ) 
AAT - 638 Target : 5'- TGAAGGCTTCCAGGAACTCCTCCGTAC - 3 ' ( SEQ ID NO : 429 ) : 
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5 ' - AGCCAGACAGCCAGCUCCAGCUGAC - 3 ' ( SEQ ID NO : 34 ) 
3 ' - GGUCGGUCUGUCGGUCGAGGUCGACUG - 5 ' ( SEQ ID NO : 232 ) 
AAT - 671 Target : 5 ' - CCAGCCAGACAGCCAGCTCCAGCTGAC - 3 ' ( SEQ ID NO : 430 ) 

5 ' - CCAGACAGCCAGCUCCAGCUGACca - 3 ' ( SEQ ID NO : 35 ) 
3 ' - UCGGUCUGUCGGUCGAGGUCGACUGGU - 5 ' ( SEQ ID NO : 233 ) 
AAT - 673 Target : 5 ' - AGCCAGACAGCCAGCTCCAGCTGACCA - 3 ' ( SEQ ID NO : 431 ) 

5 ' - AGACAGCCAGCUCCAGCUGACCACC - 3 ' ( SEQ ID NO : 36 ) 
3 ' - GGUCUGUCGGUCGAGGUCGACUGGUGG - 5 ' ( SEQ ID NO : 234 ) 
AAT - 675 Target : 5 ' - CCAGACAGCCAGCTCCAGCTGACCACC - 3 ' ( SEQ ID NO : 432 ) : 

5 ' - GACAGCCAGCUCCAGCUGACCACCg - 3 ' ( SEQ ID NO : 37 ) 
3 ' - GUCUGUCGGUCGAGGUCGACUGGUGGC - 5 ' ( SEQ ID NO : 235 ) 
AAT - 676 Target : 5'- CAGACAGCCAGCTCCAGCTGACCACCG - 3 ' ( SEQ ID NO : 433 ) 

5 ' - UAGUGGAUAAGUUUUUGGAGGAUgt - 3 ' ( SEQ ID NO : 38 ) 
3 ' - CGAUCACCUAUUCAAAAACCUCCUACA - 5 ' ( SEQ ID NO : 236 ) 
AAT - 734 Target : 5 ' - GCTAGTGGATAAGTTTTTGGAGGATGT - 3 ' ( SEQ ID NO : 434 ) 

5 ' - AGUGGAUAAGUUUUUGGAGGAUGEt - 3 ' ( SEQ ID NO : 39 ) 
3 ' - GAUCACCUAUUCAAAAACCUCCUACAA - 5 ' ( SEQ ID NO : 237 ) 
AAT - 735 Target : 5 ' - CTAGTGGATAAGTTTTTGGAGGATGTT - 3 ' ( SEQ ID NO : 435 ) 

5 ' - GUGGAUAAGUUUUUGGAGGAUGUta - 3 ' ( SEQ ID NO : 40 ) 
3 ' - AUCACCUAUUCAAAAACCUCCUACAAU - 5 ' ( SEQ ID NO : 238 ) 
AAT - 736 Target : 5'- TAGTGGATAAGTTTTTGGAGGATGTTA - 3 ' ( SEQ ID NO : 436 ) 

5 ' - UGGAUAAGUUUUUGGAGGAUGUUaa - 3 ' ( SEQ ID NO : 41 ) 
3 ' - UCACCUAUUCAAAAACCUCCUACAAUU - 5 ' ( SEQ ID NO : 239 ) 
AAT - 737 Target : 5 ' - AGTGGATAATTTTTGGAGGATGTTAA - 3 ' ( SEQ ID NO : 437 ) 

5 ' - GGAUAAGUUUUUGGAGGAUGUUAaa - 3 ' ( SEQ ID NO : 42 ) 
3 ' - CACCUAUUCAAAAACCUCCUACAAUUU - 5 ' ( SEQ ID NO : 240 ) 
AAT - 738 Target : 5 ' - GTGGATAAGTTTTTGGAGGATGTTAAA - 3 ' ( SEQ ID NO : 438 ) 

- 5 ' - GAUAAGUUUUUGGAGGAUGUUAAaa - 3 ' ( SEQ ID NO : 43 ) 
3 ' - ACCUAUUCAAAAACCUCCUACAAUUUU - 5 ' ( SEQ ID NO : 241 ) 
AAT - 739 Target : 5 ' - TGGATAAGTTTTTGGAGGATGTTAAAA - 3 ' ( SEQ ID NO : 439 ) 

5 ' - AUAAGUUUUUGGAGGAUGUUAAAaa - 3 ' ( SEQ ID NO : 44 ) 
3 ' - CCUAUUCAAAAACCUCCUACAAUUUUU - 5 ' ( SEQ ID NO : 242 ) 
AAT- 740 Target : 5 ' - GGATAAGTTTTTGGAGGATGTTAAAAA - 3 ' ( SEQ ID NO : 440 ) : 

5 ' - UGUACCACUCAGAAGCCUUCACUgt - 3 ' ( SEQ ID NO : 45 ) 
3 ' - CAACAUGGUGAGUCUUCGGAAGUGACA - 5 ' ( SEQ ID NO : 243 ) 
AAT - 767 Target : 5 ' - GTTGTACCACTCAGAAGCCTTCACTGT - 3 ' ( SEQ ID NO : 441 ) 

5 ' - GUACCACUCAGAAGCCUUCACUGTC - 3 ' ( SEQ ID NO : 46 ) 
3 ' - AACAUGGUGAGUCUUCGGAAGUGACAG - 5 ' ( SEQ ID NO : 244 ) 
AAT - 768 Target : 5 ' - TTGTACCACTCAGAAGCCTTCACTGTC - 3 ' ( SEQ ID NO : 442 ) 

5 ' - ACUCAAGGGAAAAUUGUGGAUUUgg - 3 ' ( SEQ ID NO : 47 ) 
3 ' - CAUGAGUUCCCUUUUAACACCUAAACC - 5 ' ( SEQ ID NO : 245 ) 
AAT - 850 Target : 5 ' - GTACTCAAGGGAAAATTGTGGATTTGG - 3 ' ( SEQ ID NO : 443 ) 

5 ' - CUCAAGGGAAAAUUGUGGAUUUGgt - 3 ' ( SEQ ID NO : 48 ) 
3 ' - AUGAGUUCCCUUUUAACACCUAAACCA - 5 ' ( SEQ ID NO : 246 ) 
AAT - 851 Target : 5 ' - TACTCAAGGGAAAATTGTGGATTTGGT - 3 ' ( SEQ ID NO : 444 ) 

5 ' - UCAAGGGAAAAUUGUGGAUUUGGtc - 3 ' ( SEQ ID NO : 49 ) 
3 ' - UGAGUUCCCUUUUAACACCUAAACCAG - 5 ' ( SEQ ID NO : 247 ) 
AAT - 852 Target : 5 ' - ACTCAAGGGAAAATTGTGGATTTGGTC - 3 ' ( SEQ ID NO : 445 ) 

5 ' - CAAGGGAAAAUUGUGGAUUUGGUca - 3 ' ( SEQ ID NO : 50 ) 
3 ' - GAGUUCCCUUUUAACACCUAAACCAGU - 5 ' ( SEQ ID NO : 248 ) 
AAT - 853 Target : 5 ' - CTCAAGGGAAAATTGTGGATTTGGTCA - 3 ' ( SEQ ID NO : 446 ) 

5 ' - AAGGGAAAAUUGUGGAUUUGGUCaa - 3 ' ( SEQ ID NO : 51 ) 
3 ' - AGUUCCCUUUUAACACCUAAACCAGUU - 5 ' ( SEQ ID NO : 249 ) 
AAT - 854 Target : 5 ' - TCAAGGGAAAATTGTGGATTTGGTCAA - 3 ' ( SEQ ID NO : 447 ) 

5 ' - AGGGAAAAUUGUGGAUUUGGUCAag - 3 ' ( SEQ ID NO : 52 ) 
3 ' - GUUCCCUUUUAACACCUAAACCAGUUC - 5 ' ( SEQ ID NO : 250 ) 
AAT - 855 Target : 5'- CAAGGGAAAATTGTGGATTTGGTCAAG - 3 ' ( SEQ ID NO : 448 ) 
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5 ' - GGGAAAAUUGUGGAUUUGGUCAAgg - 3 ' ( SEQ ID NO : 53 ) 
3 ' - UUCCCUUUUAACACCUAAACCAGUUCC - 5 ' ( SEQ ID NO : 251 ) 
AAT - 856 Target : 5 ' - AAGGGAAAATTGTGGATTTGGTCAAGG - 3 ' ( SEQ ID NO : 449 ) 

5 ' - GGAAAAUUGUGGAUUUGGUCAAGga - 3 ' ( SEQ ID NO : 54 ) 
3 ' - UCCCUUUUAACACCUAAACCAGUUCCU - 5 ' ( SEQ ID NO : 252 ) 
AAT - 857 Target : 5 ' - AGGGAAAATTGTGGATTTGGTCAAGGA - 3 ! ( SEQ ID NO : 450 ) . 

5 ' - GAAAAUUGUGGAUUUGGUCAAGGag - 3 ' ( SEQ ID NO : 55 ) 
3 ' - CCCUUUUAACACCUAAACCAGUUCCUC - 5 ' ( SEQ ID NO : 253 ) 
AAT - 858 Target : 5 ' - GGGAAAATTGTGGATTTGGTCAAGGAG - 3 ' ( SEQ ID NO : 451 ) 

I 5 ' - AAAAUUGUGGAUUUGGUCAAGGAGC - 3 ' ( SEQ ID NO : 56 ) 
3 ' - CCUUUUAACACCUAAACCAGUUCCUCG - 5 ' ( SEQ ID NO : 254 ) 
AAT - 859 Target : 5 ' - GGAAAATTGTGGATTTGGTCAAGGAGC - 3 ' ( SEQ ID NO : 452 ) 

5 ' - AAAUUGUGGAUUUGGUCAAGGAGCE - 3 ' ( SEQ ID NO : 57 ) 
3 ' - CUUUUAACACCUAAACCAGUUCCUCGA - 5 ' ( SEQ ID NO : 255 ) 
AAT - 860 Target : 5 ' - GAAAATTGTGGATTTGGTCAAGGAGCT - 3 ' ( SEQ ID NO : 453 ) ? 

5 ' - AAUUGUGGAUUUGGUCAAGGAGCtt - 3 ' ( SEQ ID NO : 58 ) 
3 ' - UUUUAACACCUAAACCAGUUCCUCGAA - 5 ' ( SEQ ID NO : 256 ) 
AAT - 861 Target : 5 ' - AAAATTGTGGATTTGGTCAAGGAGCTT - 3 ' ( SEQ ID NO : 454 ) 

5 ' - AUUGUGGAUUUGGUCAAGGAGCUtg - 3 ' ( SEQ ID NO : 59 ) 
3 ' - UUUAACACCUAAACCAGUUCCUCGAAC - 5 ' ( SEQ ID NO : 257 ) 
AAT - 862 Target : 5 ' - AAATTGTGGATTTGGTCAAGGAGCTTG - 3 ' ( SEQ ID NO : 455 ) 

5 ' - UUGUGGAUUUGGUCAAGGAGCUUga - 3 ' ( SEQ ID NO : 60 ) 
3 ' - UUAACACCUAAACCAGUUCCUCGAACU - 5 ' ( SEQ ID NO : 258 ) 
AAT - 863 Target : 5 ' - AATTGTGGATTTGGTCAAGGAGCTTGA - 3 ' ( SEQ ID NO : 456 ) 

5 ' - UGUGGAUUUGGUCAAGGAGCUUGac - 3 ' ( SEQ ID NO : 61 ) 
3 ' - UAACACCUAAACCAGUUCCUCGAACUG - 5 ' ( SEQ ID NO : 259 ) 
AAT - 864 Target : 5 ' - ATTGTGGATTTGGTCAAGGAGCTTGAC - 3 ' ( SEQ ID NO : 457 ) 

5 ' - GUGGAUUUGGUCAAGGAGCUUG?ca - 3 ' ( SEQ ID NO : 62 ) 
3 ' - AACACCUAAACCAGUUCCUCGAACUGU - 5 ' ( SEQ ID NO : 260 ) 
AAT - 865 Target : 5 ' - TTGTGGATTTGGTCAAGGAGCTTGACA - 3 ' ( SEQ ID NO : 458 ) 

5 ' - UGGAUUUGGUCAAGGAGCUUGACag - 3 ' ( SEQ ID NO : 63 ) 
3 ' - ACACCUAAACCAGUUCCUCGAACUGUC - 5 ' ( SEQ ID NO : 261 ) 
AAT - 866 Target : 5 ' - TGTGGATTTGGTCAAGGAGCTTGACAG - 3 ' ( SEQ ID NO : 459 ) 

5 ' - GGAUUUGGUCAAGGAGCUUGACAga - 3 ' ( SEQ ID NO : 64 ) 
3 ' - CACCUAAACCAGUUCCUCGAACUGUCU - 5 ' ( SEQ ID NO : 262 ) 
AAT - 867 Target : 5 ' - GTGGATTTGGTCAAGGAGCTTGACAGA - 3 ' ( SEQ ID NO : 460 ) 

5 ' - GAUUUGGUCAAGGAGCUUGACAGag - 3 ' ( SEQ ID NO : 65 ) 
3 ' - ACCUAAACCAGUUCCUCGAACUGUCUC - 5 ' ( SEQ ID NO : 263 ) 
AAT - 868 Target : 5 ' - TGGATTTGGTCAAGGAGCTTGACAGAG - 3 ' ( SEQ ID NO : 461 ) 

5 ' - AUUUGGUCAAGGAGCUUGACAGAga - 3 ' ( SEQ ID NO : 66 ) 
3 ' - CCUAAACCAGUUCCUCGAACUGUCUCU - 5 ' ( SEQ ID NO : 264 ) 
AAT - 869 Target : 5 ' - GGATTTGGTCAAGAGCTTGACAGAGA - 3 ' ( SEQ ID NO : 462 ) 

5 ' - UUUGGUCAAGGAGCUUGACAGAGac - 3 ' ( SEQ ID NO : 67 ) 
3 ' - CUAAACCAGUUCCUCGAACUGUCUCUG - 5 ' ( SEQ ID NO : 265 ) 
AAT - 870 Target : 5 ' - GATTTGGTCAAGGAGCTTGACAGAGAC - 3 ' ( SEQ ID NO : 463 ) 

5 ' - UUGGUCAAGGAGCUUGACAGAGAca - 3 ' ( SEQ ID NO : 68 ) 
3 ' - UAAACCAGUUCCUCGAACUGUCUCUGU - 5 ' ( SEQ ID NO : 266 ) 
AAT - 871 Target : 5 ' - ATTTGGTCAAGGAGCTTGACAGAGACA - 3 ' ( SEQ ID NO : 464 ) 

5 ' - UGGUCAAGGAGCUUGACAGAGACac - 3 ' ( SEQ ID NO : 69 ) 
3 ' - AAACCAGUUCCUCGAACUGUCUCUGUG - 5 ' ( SEQ ID NO : 267 ) 
AAT - 872 Target : 5 ' - TTTGGTCAAGGAGCTTGACAGAGACAC - 3 ' ( SEQ ID NO : 465 ) 

5 ' - CAGUUUUUGCUCUGGUGAAUUACat - 3 ' ( SEQ ID NO : 70 ) 
3 ' - GUGUCAAAAACGAGACCACUUAAUGUA - 5 ' ( SEQ ID NO : 268 ) 
AAT - 896 Target : 5 ' - CACAGTTTTTGCTCTGGTGAATTACAT - 3 ' ( SEQ ID NO : 466 ) : 

5 ' - AGUUUUUGCUCUGGUGAAUUACATC - 3 ' ( SEQ ID NO : 71 ) 
3 ' - UGUCAAAAACGAGACCACUUAAUGUAG - 5 ' ( SEQ ID NO : 269 ) 
AAT - 897 Target : 5 ' - ACAGTTTTTGCTCTGGTGAATTACATC - 3 ' ( SEQ ID NO : 467 ) 
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5 ' - GUUUUUGCUCUGGUGAAUUACAUCE - 3 ' ( SEQ ID NO : 72 ) 
3 ' - GUCAAAAACGAGACCACUUAAUGUAGA - 5 ' ( SEQ ID NO : 270 ) 
AAT - 898 Target : 5 ' - CAGTTTTTGCTCTGGTGAATTACATCT - 3 ' ( SEQ ID NO : 468 ) 

5 ' - UUUUUGCUCUGGUGAAUUACAUCtt - 3 ' ( SEQ ID NO : 73 ) 
3 ' - UCAAAAACGAGACCACUUAAUGUAGAA - 5 ' ( SEQ ID NO : 271 ) 
AAT - 899 Target : 5 ' - AGTTTTTGCTCTGGTGAATTACATCTT - 3 ' ( SEQ ID NO : 469 ) 

5 ' - AAAGGCAAAUGGGAGAGACCCUUtg - 3 ' ( SEQ ID NO : 74 ) 
3 ' - AAUUUCCGUUUACCCUCUCUGGGAAAC - 5 ' ( SEQ ID NO : 272 ) 
AAT - 928 Target : 5 ' - TTAAAGGCAAATGGGAGAGACCCTTTG - 3 ' ( SEQ ID NO : 470 ) 

1 5 ' - AAGGCAAAUGGGAGAGACCCUUUga - 3 ' ( SEQ ID NO : 75 ) 
3 ' - AUUUCCGUUUACCCUCUCUGGGAAACU - 5 ' ( SEQ ID NO : 273 ) 
AAT - 929 Target : 5 ' - TAAAGGCAAATGGGAGAGACCCTTTGA - 3 ' ( SEQ ID NO : 471 ) 

5 ' - AGGCAAAUGGGAGAGACCCUUUGaa - 3 ' ( SEQ ID NO : 76 ) 
3 ' - UUUCCGUUUACCCUCUCUGGGAAACUU - 5 ' ( SEQ ID NO : 274 ) 
AAT - 930 Target : 5 ' - AAAGGCAAATGGGAGAGACCCTTTGAA - 3 ' ( SEQ ID NO : 472 ) 

5 ' - GGCAAAUGGGAGAGACCCUUUGAag - 3 ' ( SEQ ID NO : 77 ) 
3 ' - UUCCGUUUACCCUCUCUGGGAAACUUC - 5 ' ( SEQ ID NO : 275 ) 
AAT - 931 Target : 5 ' - AAGGCAAATGGGAGAGACCCTTTGAAG - 3 ' ( SEQ ID NO : 473 ) 

5 ' - AGGAAGAGGACUUCCACGUGGACca - 3 ' ( SEQ ID NO : 78 ) 
3 ' - GCUCCUUCUCCUGAAGGUGCACCUGGU - 5 ' ( SEQ ID NO : 276 ) 
AAT - 968 Target : 5 ' - CGAGGAAGAGGACTTCCACGTGGACCA - 3 ' ( SEQ ID NO : 474 ) 

5 ' - GGAAGAGGACUUCCACGUGGACCag - 3 ' ( SEQ ID NO : 79 ) 
3 ' - CUCCUUCUCCUGAAGGUGCACCUGGUC - 5 ' ( SEQ ID NO : 277 ) 
AAT - 969 Target : 5 ' - GAGGAAGAGGACTTCCACGTGGACCAG - 3 ' ( SEQ ID NO : 475 ) 

5 ' - GAAGAGGACUUCCACGUGGACCAgg - 3 ' ( SEQ ID NO : 80 ) 
3 ' - UCCUUCUCCUGAAGGUGCACCUGGUCC - 5 ' ( SEQ ID NO : 278 ) 
AAT - 970 Target : 5 ' - AGGAAGAGGACTTCCACGTGGACCAGG - 3 ' ( SEQ ID NO : 476 ) 

5 ' - AAGAGGACUUCCACGUGGACCAGgt - 3 ' ( SEQ ID NO : 81 ) 
3 ' - CCUUCUCCUGAAGGUGCACCUGGUCCA - 5 ' ( SEQ ID NO : 279 ) 
AAT - 971 Target : 5 ' - GGAAGAGGACTTCCACGTGGACCAGGT - 3 ' ( SEQ ID NO : 477 ) 

5 ' - GAGGACUUCCACGUGGACCAGGUga - 3 ' ( SEQ ID NO : 82 ) 
3 ' - UUCUCCUGAAGGUGCACCUGGUCCACU - 5 ' ( SEQ ID NO : 280 ) 
AAT - 973 Target : 5 ' - AAGAGGACTTCCACGTGGACCAGGTGA - 3 ' ( SEQ ID NO : 478 ) 

5 ' - AGGACUUCCACGUGGACCAGGUGac - 3 ' ( SEQ ID NO : 83 ) 
3 ' - UCUCCUGAAGGUGCACCUGGUCCACUG - 5 ' ( SEQ ID NO : 281 ) 
AAT - 974 Target : 5 ' - AGAGGACTTCCACGTGGACCAGGTGAC - 3 ' ( SEQ ID NO : 479 ) 

5 ' - GACUUCCACGUGGACCAGGUGACca - 3 ' ( SEQ ID NO : 84 ) 
3 ' - UCCUGAAGGUGCACCUGGUCCACUGGU - 5 ' ( SEQ ID NO : 282 ) 
AAT - 976 Target : 5 ' - AGGACTTCCACGTGGACCAGGTGACCA - 3 ' ( SEQ ID NO : 480 ) 

5 ' - GUUUAGGCAUGUUUAACAUCCAGca - 3 ' ( SEQ ID NO : 85 ) 
3 ' - CGCAAAUCCGUACAAAUUGUAGGUCGU -5 ' ( SEQ ID NO : 283 ) 
AAT - 1025 Target : 5 ' - GCGTTTAGGCATGTTTAACATCCAGCA - 3 ' ( SEQ ID NO : 481 ) : 

5 ' -UUUAGGCAUGUUUAACAUCCAGCac - 3 ' ( SEQ ID NO : 86 ) 
3 ' - GCAAAUCCGUACAAAUUGUAGGUCGUG - 5 ' ( SEQ ID NO : 284 ) 
AAT - 1026 Target : 5 ' - CGTTTAGGCATGTTTAACATCCAGCAC - 3 ' ( SEQ ID NO : 482 ) 

5 ' - GCUGUCCAGCUGGGUGCUGCUGATS - 3 ' ( SEQ ID NO : 87 ) 
3 ' - UUCGACAGGUCGACCCACGACGACUAC - 5 ' ( SEQ ID NO : 285 ) 
AAT - 1059 Target : 5 ' - AAGCTGTCCAGCTGGGTGCTGCTGATG - 3 ' ( SEQ ID NO : 483 ) 

5 ' - CUGUCCAGCUGGGUGCUGCUGAUga - 3 ' ( SEQ ID NO : 88 ) 
3 ' - UCGACAGGUCGACCCACGACGACUACU - 5 ' ( SEQ ID NO : 286 ) 
AAT - 1060 Target : 5 ' - AGCTGTCCAGCTGGGTGCTGCTGATGA - 3 ' ( SEQ ID NO : 484 ) 

5 ' - CAAUGCCACCGCCAUCUUCUUCCtg - 3 ' ( SEQ ID NO : 89 ) 
3 ' - CCGUUACGGUGGCGGUAGAAGAAGGAC - 5 ' ( SEQ ID NO : 287 ) 
AAT - 1095 Target : 5 ' - GGCAATGCCACCGCCATCTTCTTCCTG - 3 ' ( SEQ ID NO : 485 ) ? 

5 ' - AAUGCCACCGCCAUCUUCUUCCUOC - 3 ' ( SEQ ID NO : 90 ) 
3 ' - CGUUACGGUGGCGGUAGAAGAAGGACG - 5 ' ( SEQ ID NO : 288 ) 
AAT - 1096 Target : 5 ' - GCAATGCCACCGCCATCTTCTTCCTGC - 3 ' ( SEQ ID NO : 486 ) 
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5 ' - CCACCGCCAUCUUCUUCCUGCCUga - 3 ' ( SEQ ID NO : 91 ) 
3 ' - ACGGUGGCGGUAGAAGAAGGACGGACU - 5 ' ( SEQ ID NO : 289 ) 
AAT - 1100 Target : 5 ' - TGCCACCGCCATCTTCTTCCTGCCTGA - 3 ' ( SEQ ID NO : 487 ) 

5 ' - CACCGCCAUCUUCUUCCUGCCUGat - 3 ' ( SEQ ID NO : 92 ) 
3 ' - CGGUGGCGGUAGAAGAAGGACGGACUA - 5 ' ( SEQ ID NO : 290 ) 
AAT - 1101 Target : 5 ' - GCCACCGCCATCTTCTTCCTGCCTGAT - 3 ' ( SEQ ID NO : 488 ) 

5 ' - ACCGCCAUCUUCUUCCUGCCUGAtg - 3 ' ( SEQ ID NO : 93 ) 
31 - GGUGGCGGUAGAAGAAGGACGGACUAC - 5 ' ( SEQ ID NO : 291 ) 
AAT - 1102 Target : 5 ' - CCACCGCCATCTTCTTCCTGCCTGATG - 3 ' ( SEQ ID NO : 489 ) 

I 5 ' - CCGCCAUCUUCUUCCUGCCUGAUga - 3 ' ( SEQ ID NO : 94 ) 
3 ' - GUGGCGGUAGAAGAAGGACGGACUACU - 5 ' ( SEQ ID NO : 292 ) 
AAT - 1103 Target : 5 ' - CACCGCCATCTTCTTCCTGCCTGATGA - 3 ' ( SEQ ID NO : 490 ) : 

5 ' - CGCCAUCUUCUUCCUGCCUGAUGag - 3 ' ( SEQ ID NO : 95 ) 
3 ' - UGGCGGUAGAAGAAGGACGGACUACUC - 5 ' ( SEQ ID NO : 293 ) 
AAT - 1104 Target : 5 ' - ACCGCCATCTTCTTCCTGCCTGATGAG - 3 ' ( SEQ ID NO : 491 ) 

5 ' - GCCAUCUUCUUCCUGCCUGAUG?gg - 3 ' ( SEQ ID NO : 96 ) 
3 ' - GGCGGUAGAAGAAGGACGGACUACUCC - 5 ' ( SEQ ID NO : 294 ) 
AAT - 1105 Target : 5 ' - CCGCCATCTTCTTCCTGCCTGATGAGG - 3 ' ( SEQ ID NO : 492 ) 

5 ' - AUCUUCUUCCUGCCUGAUGAGGGga - 3 ' ( SEQ ID NO : 97 ) 
3 ' - GGUAGAAGAAGGACGGACUACUCCCCU - 5 ' ( SEQ ID NO : 295 ) 
AAT - 1108 Target : 5 ' - CCATCTTCTTCCTGCCTGATGAGGGGA - 3 ' ( SEQ ID NO : 493 ) 

5 ' - CUUCCUGCCUGAUGAGGGGAAACta - 3 ' ( SEQ ID NO : 98 ) 
3 ' - AAGAAGGACGGACUACUCCCCUUUGAU - 5 ' ( SEQ ID NO : 296 ) 
AAT - 1113 Target : 5 ' - TTCTTCCTGCCTGATGAGGGGAAACTA - 3 ' ( SEQ ID NO : 494 ) 

5 ' - UUCCUGCCUGAUGAGGGGAAACUAC - 3 ' ( SEQ ID NO : 99 ) 
3 ' - AGAAGGACGGACUACUCCCCUUUGAUG - 5 ' ( SEQ ID NO : 297 ) 
AAT - 1114 Target : 5 ' - TCTTCCTGCCTGATGAGGGGAAACTAC - 3 ' ( SEQ ID NO : 495 ) 

5 ' - UCCUGCCUGAUGAGGGGAAACUACa - 3 ' ( SEQ ID NO : 100 ) 
3 ' - GAAGGACGGACUACUCCCCUUUGAUGU - 5 ' ( SEQ ID NO : 298 ) 
AAT - 1115 Target : 5 ' - CTTCCTGCCTGATGAGGGGAAACTACA - 3 ' ( SEQ ID NO : 496 ) 

5 ' - CCUGCCUGAUGAGGGGAAACUACag - 3 ' ( SEQ ID NO : 101 ) 
3 ' - AAGGACGGACUACUCCCCUUUGAUGUC - 5 ' ( SEQ ID NO : 299 ) 
AAT - 1116 Target : 5 ' - TTCCTGCCTGATGAGGGGAAACTACAG - 3 ' ( SEQ ID NO : 497 ) 

5 ' - CUGCCUGAUGAGGGGAAACUACAC - 3 ' ( SEQ ID NO : 102 ) 
3 ' - AGGACGGACUACUCCCCUUUGAUGUCG - 5 ' ( SEQ ID NO : 300 ) 
AAT - 1117 Target : 5 ' - TCCTGCCTGATGAGGGGAAACTACAGC - 3 ' ( SEQ ID NO : 498 ) • 

5 ' - UGCCUGAUGAGGGGAAACUACAGca - 3 ' ( SEQ ID NO : 103 ) 
3 ' - GGACGGACUACUCCCCUUUGAUGUCGU - 5 ' ( SEQ ID NO : 301 ) 
AAT - 1118 Target : 5 ' - CCTGCCTGATGAGGGGAAACTACAGCA - 3 ' ( SEQ ID NO : 499 ) : 

5 ' - AGCACCUGGAAAAUGAACUCACCca - 3 ' ( SEQ ID NO : 104 ) 
3 ' - UGUCGUGGACCUUUUACUUGAGUGGGU - 5 ' ( SEQ ID NO : 302 ) 
AAT - 1139 Target : 5 ' - ACAGCACCTGGAAAATGAACTCACCCA - 3 ' ( SEQ ID NO : 500 ) 

5 ' - GCACCUGGAAAAUGAACUCACCCac - 3 ' ( SEQ ID NO : 105 ) 
3 ' - GUCGUGGACCUUUUACUUGAGUGGGUG - 5 ' ( SEQ ID NO : 303 ) 
AAT - 1140 Target : 5 ' - CAGCACCTGGAAAATGAACTCACCCAC - 3 ' ( SEQ ID NO : 501 ) 

5 ' - CACCUGGAAAAUGAACUCACCCAcg - 3 ' ( SEQ ID NO : 106 ) 
3 ' - UCGUGGACCUUUUACUUGAGUGGGUGC - 5 ' ( SEQ ID NO : 304 ) 
AAT - 1141 Target : 5 ' - AGCACCTGGAAAATGAACTCACCCACG - 3 ' ( SEQ ID NO : 502 ) 

5 ' - ACCUGGAAAAUGAACUCACCCACga - 3 ' ( SEQ ID NO : 107 ) 
3 ' - CGUGGACCUUUUACUUGAGUGGGUGCU - 5 ' ( SEQ ID NO : 305 ) 
AAT - 1142 Target : 5 ' - GCACCTGGAAAATGAACTCACCCACGA - 3 ' ( SEQ ID NO : 503 ) 

5 ' - CCUGGAAAAUGAACUCACCCACGat - 3 ' ( SEQ ID NO : 108 ) 
3 ' - GUGGACCUUUUACUUGAGUGGGUGCUA - 5 ' ( SEQ ID NO : 306 ) 
AAT - 1143 Target : 5 ' - CACCTGGAAAATGAACTCACCCACGAT - 3 ' ( SEQ ID NO : 504 ) 

5 ' - AUAUCAUCACCAAGUUCCUGGAAaa - 3 ' ( SEQ ID NO : 109 ) 
3 ' - GCUAUAGUAGUGGUUCAAGGACCUUUU - 5 ' ( SEQ ID NO : 307 ) 
AAT - 1166 Target : 5 ' - CGATATCATCACCAAGTTCCTGGAAAA - 3 ' ( SEQ ID NO : 505 ) : 
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5 ' - UAUCAUCACCAAGUUCCUGGAAAat - 3 ' ( SEQ ID NO : 110 ) 
3 ' - CUAUAGUAGUGGUUCAAGGACCUUUUA - 5 ' ( SEQ ID NO : 308 ) 
AAT - 1167 Target : 5 ' - GATATCATCACCAAGTTCCTGGAAAAT - 3 ' ( SEQ ID NO : 506 ) 

5 ' - AUCAUCACCAAGUUCCUGGAAAATS - 3 ' ( SEQ ID NO : 111 ) 
3 ' - UAUAGUAGUGGUUCAAGGACCUUUUAC - 5 ' ( SEQ ID NO : 309 ) 
AAT - 1168 Target : 5 ' - ATATCATCACCAAGTTCCTGGAAAATG - 3 ' ( SEQ ID NO : 507 ) 

5 ' - UCAUCACCAAGUUCCUGGAAAAUga - 3 ' ( SEQ ID NO : 112 ) 
3 ' - AUAGUAGUGGUUCAAGGACCUUUUACU - 5 ' ( SEQ ID NO : 310 ) 
AAT - 1169 Target : 5 ' - TATCATCACCAAGTTCCTGGAAAATGA - 3 ' ( SEQ ID NO : 508 ) 

- 5 ' - CAUCACCAAGUUCCUGGAAAAUGaa - 3 ' ( SEQ ID NO : 113 ) 
3 ' - UAGUAGUGGUUCAAGGACCUUUUACUU - 5 ' ( SEQ ID NO : 311 ) 
AAT - 1170 Target : 5 ' - ATCATCACCAAGTTCCTGGAAAATGAA - 3 ' ( SEQ ID NO : 509 ) 

5 ' - AUCACCAAGUUCCUGGAAAAUGAag - 3 ' ( SEQ ID NO : 114 ) 
3 ' - AGUAGUGGUUCAAGGACCUUUACUUC - 5 ' ( SEQ ID NO : 312 ) 
AAT - 1171 Target : 5 ' - TCATCACCAAGTTCCTGGAAAATGAAG - 3 ' ( SEQ ID NO : 510 ) 

5 ' - UCACCAAGUUCCUGGAAAAUGAAga - 3 ' ( SEQ ID NO : 115 ) 
3 ' - GUAGUGGUUCAAGGACCUUUUACUUCU - 5 ' ( SEQ ID NO : 313 ) 
AAT - 1172 Target : 5 ' - CATCACCAAGTTCCTGGAAAATGAAGA - 3 ' ( SEQ ID NO : 511 ) 

5 ' - CACCAAGUUCCUGGAAAAUGAAGac - 3 ' ( SEQ ID NO : 116 ) 
3 ' - UAGUGGUUCAAGGACCUUUUACUUCUG - 5 ' ( SEQ ID NO : 314 ) 
AAT - 1173 Target : 5 ' - ATCACCAAGTTCCTGGAAAATGAAGAC - 3 ' ( SEQ ID NO : 512 ) 

5 ' - ACCAAGUUCCUGGAAAAUGAAGAca - 3 ' ( SEQ ID NO : 117 ) 
3 ' - AGUGGUUCAAGGACCUUUUACUUCUGU - 5 ' ( SEQ ID NO : 315 ) 
AAT - 1174 Target : 5 ' - TCACCAAGTTCCTGGAAAATGAAGACA - 3 ' ( SEQ ID NO : 513 ) 

5 ' - CCAAGUUCCUGGAAAAUGAAGACag - 3 ' ( SEQ ID NO : 118 ) 
3 ' - GUGGUUCAAGGACCUUUUACUUCUGUC - 5 ' ( SEQ ID NO : 316 ) 
AAT - 1175 Target : 5 ' - CACCAAGTTCCTGGAAAATGAAGACAG - 3 ' ( SEQ ID NO : 514 ) 

5 ' - AGGUCUUCAGCAAUGGGGCUGACct - 3 ' ( SEQ ID NO : 119 ) 
3 ' - AUUCCAGAAGUCGUUACCCCGACUGGA - 5 ' ( SEQ ID NO : 317 ) 
AAT - 1286 Target : 5'- TAAGGTCTTCAGCAATGGGGCTGACCT - 3 ' ( SEQ ID NO : 515 ) 

5 ' - CAAUGGGGCUGACCUCUCCGGGGTC - 3 ' ( SEQ ID NO : 120 ) 
3 ' - UCGUUACCCCGACUGGAGAGGCCCCAG - 5 ' ( SEQ ID NO : 318 ) 
AAT - 1296 Target : 5 ' - AGCAATGGGGCTGACCTCTCCGGGGTC - 3 ' ( SEQ ID NO : 516 ) : 

5 ' - AAUGGGGCUGACCUCUCCGGGGUca - 3 ' ( SEQ ID NO : 121 ) 
3 ' - CGUUACCCCGACUGGAGAGGCCCCAGU - 5 ' ( SEQ ID NO : 319 ) 
AAT - 1297 Target : 5 ' - GCAATGGGGCTGACCTCTCCGGGGTCA - 3 ' ( SEQ ID NO : 517 ) 

5 ' - AUGGGGCUGACCUCUCCGGGGUCac - 3 ' ( SEQ ID NO : 122 ) 
3 ' - GUUACCCCGACUGGAGAGGCCCCAGUG - 5 ' ( SEQ ID NO : 320 ) 
AAT - 1298 Target : 5 ' - CAATGGGGCTGACCTCTCCGGGGTCAC - 3 ' ( SEQ ID NO : 518 ) : 

5 ' - GAGGAGGCACCCCUGAAGCUCUCca - 3 ' ( SEQ ID NO : 123 ) 
3 ' - GUCUCCUCCGUGGGGACUUCGAGAGGU - 5 ' ( SEQ ID NO : 321 ) 
AAT - 1324 Target : 5 ' - CAGAGGAGGCACCCCTGAAGCTCTCCA - 3 ' ( SEQ ID NO : 519 ) 

5 ' - GGAGGCACCCCUGAAGCUCUCCAag - 3 ' ( SEQ ID NO : 124 ) 
3 ' - CUCCUCCGUGGGGACUUCGAGAGGUUC - 5 ' ( SEQ ID NO : 322 ) 
AAT - 1326 Target : 5 ' - GAGGAGGCACCCCTGAAGCTCTCCAAG - 3 ' ( SEQ ID NO : 520 ) 

5 ' - CUGAAGCUCUCCAAGGCCGUGCAta - 3 ' ( SEQ ID NO : 125 ) 
3 ' - GGGACUUCGAGAGGUUCCGGCACGUAU - 5 ' ( SEQ ID NO : 323 ) 
AAT - 1336 Target : 5 ' - CCCTGAAGCTCTCCAAGGCCGTGCATA - 3 ' ( SEQ ID NO : 521 ) : 

5 ' - CGUGCAUAAGGCUGUGCUGACCATC - 3 ' ( SEQ ID NO : 126 ) 
3 ' - CGGCACGUAUUCCGACACGACUGGUAG - 5 ' ( SEQ ID NO : 324 ) 
AAT - 1353 Target : 5 ' - GCCGTGCATAAGGCTGTGCTGACCATC - 3 ' ( SEQ ID NO : 522 ) 

5 ' - GUGCAUAAGGCUGUGCUGACCAUCg - 3 ' ( SEQ ID NO : 127 ) 
3 ' - GGCACGUAUUCCGACACGACUGGUAGC - 5 ' ( SEQ ID NO : 325 ) 
AAT - 1354 Target : 5 ' - CCGTGCATAAGGCTGTGCTGACCATCG - 3 ' ( SEQ ID NO : 523 ) ? 

5 ' - UGCAUAAGGCUGUGCUGACCAUCga - 3 ' ( SEQ ID NO : 128 ) 
3 ' - GCACGUAUUCCGACACGACUGGUAGCU - 5 ' ( SEQ ID NO : 326 ) 
AAT - 1355 Target : 5 ' - CGTGCATAAGCTGTGCTGACCATCGA - 3 ' ( SEQ ID NO : 524 ) 
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5 ' - GCAUAAGGCUGUGCUGACCAUCGac - 3 ' ( SEQ ID NO : 129 ) 
3 ' - CACGUAUUCCGACACGACUGGUAGCUG - 5 ' ( SEQ ID NO : 327 ) 
AAT - 1356 Target : 5 ' - GTGCATAAGGCTGTGCTGACCATCGAC - 3 ' ( SEQ ID NO : 525 ) 

5 ' - CAUAAGGCUGUGCUGACCAUCGAcg - 3 ' ( SEQ ID NO : 130 ) 
3 ' - ACGUAUUCCGACACGACUGGUAGCUGC - 5 ' ( SEQ ID NO : 328 ) 
AAT - 1357 Target : 5 ' - TGCATAAGGCTGTGCTGACCATCGACG - 3 ' ( SEQ ID NO : 526 ) : 

5 ' - AUAAGGCUGUGCUGACCAUCGACga - 3 ' ( SEQ ID NO : 131 ) 
3 ' - CGUAUUCCGACACGACUGGUAGCUGCU - 5 ' ( SEQ ID NO : 329 ) 
AAT - 1358 Target : 5 ' - GCATAAGGCTGTGCTGACCATCGACGA - 3 ' ( SEQ ID NO : 527 ) 

I 5 ' - UAAGGCUGUGCUGACCAUCGACGag - 3 ' ( SEQ ID NO : 132 ) 
3 ' - GUAUUCCGACACGACUGGUAGCUGCUC - 5 ' ( SEQ ID NO : 330 ) 
AAT - 1359 Target : 5 ' - CATAAGGCTGTGCTGACCATCGACGAG - 3 ' ( SEQ ID NO : 528 ) : 

5 ' - AAGGCUGUGCUGACCAUCGACGAga - 3 ' ( SEQ ID NO : 133 ) 
3 ' - UAUUCCGACACGACUGGUAGCUGCUCU - 5 ' ( SEQ ID NO : 331 ) 
AAT - 1360 Target : 5 ' - ATAAGGCTGTGCTGACCATCGACGAGA - 3 ' ( SEQ ID NO : 529 ) 

5 ' - AGGCUGUGCUGACCAUCGACGAGaa - 3 ' ( SEQ ID NO : 134 ) 
3 ' - AUUCCGACACGACUGGUAGCUGCUCUU - 5 ' ( SEQ ID NO : 332 ) 
AAT - 1361 Target : 5 ' - TAAGGCTGTGCTGACCATCGACGAGAA - 3 ' ( SEQ ID NO : 530 ) 

5 ' - ACUGAAGCUGCUGGGGCCAUGUUtt - 3 ' ( SEQ ID NO : 135 ) 
3 ' - CCUGACUUCGACGACCCCGGUACAAAA - 5 ' ( SEQ ID NO : 333 ) 
AAT - 1390 Target : 5 ' - GGA?TGAAGCTGCTGGGGCCATGTTTT - 3 ' ( SEQ ID NO : 531 ) 

5 ' - CUGAAGCUGCUGGGGCCAUGUUUtt - 3 ' ( SEQ ID NO : 136 ) 
3 ' - CUGACUUCGACGACCCCGGUACAAAAA - 5 ' ( SEQ ID NO : 334 ) 
AAT - 1391 Target : 5 ' - GACTGAAGCTGCTGGGGCCATGTTTTT - 3 ' ( SEQ ID NO : 532 ) 

5 ' - UGAAGCUGCUGGGGCCAUGUUUUta - 3 ' ( SEQ ID NO : 137 ) 
3 ' - UGACUUCGACGACCCCGGUACAAAAAU - 5 ' ( SEQ ID NO : 335 ) 
AAT - 1392 Target : 5 ' - ACTGAAGCTGCTGGGGCCATGTTTTTA - 3 ' ( SEQ ID NO : 533 ) • 

5 ' - GAAGCUGCUGGGGCCAUGUUUUUag - 3 ' ( SEQ ID NO : 138 ) 
3 ' - GACUUCGACGACCCCGGUACAAAAAUC - 5 ' ( SEQ ID NO : 336 ) 
AAT - 1393 Target : 5 ' - CTGAAGCTGCTGGGGCCATGTTTTTAG - 3 ' ( SEQ ID NO : 534 ) 

5 ' - AAGCUGCUGGGGCCAUGUUUUUAga - 3 ' ( SEQ ID NO : 139 ) 
3 ' - ACUUCGACGACCCCGGUACAAAAAUCU - 5 ' ( SEQ ID NO : 337 ) 
AAT - 1394 Target : 5 ' - TGAAGCTGCTGGGGCCATGTTTTTAGA - 3 ' ( SEQ ID NO : 535 ) 

5 ' - AGCUGCUGGGGCCAUGUUUUUAGag - 3 ' ( SEQ ID NO : 140 ) 
3 ' - CUUCGACGACCCCGGUACAAAAAUCUC - 5 ' ( SEQ ID NO : 338 ) 
AAT - 1395 Target : 5 ' - GAAGCTGCTGGGGCCATGTTTTTAGAG - 3 ' ( SEQ ID NO : 536 ) 

5 ' - GCCAUGUUUUUAGAGGCCAUACCca - 3 ' ( SEQ ID NO : 141 ) 
3 ' - CCCGGUACAAAAAUCUCCGGUAUGGGU - 5 ' ( SEQ ID NO : 339 ) 
AAT- 1405 Target : 5 ' - GGGCCATGTTTTTAGAGGCCATACCCA - 3 ' ( SEQ ID NO : 537 ) 

5 ' - CCAUGUUUUUAGAGGCCAUACCCat - 3 ' ( SEQ ID NO : 142 ) 
3 ' - CCGGUACAAAAAUCUCCGGUAUGGGUA - 5 ' ( SEQ ID NO : 340 ) 
AAT - 1406 Target : 5 ' - GGCCATGTTTTTAGAGGCCATACCCAT - 3 ' ( SEQ ID NO : 538 ) 

5 ' - CAUGUUUUUAGAGGCCAUACCCAtg - 3 ' ( SEQ ID NO : 143 ) 
3 ' - CGGUACAAAAAUCUCCGGUAUGGGUAC - 5 ' ( SEQ ID NO : 341 ) 
AAT - 1407 Target : 5 ' - GCCATGTTTTTAGAGGCCATACCCATG - 3 ' ( SEQ ID NO : 539 ) 

5 ' - AUGUUUUUAGAGGCCAUACCCAUgt - 3 ' ( SEQ ID NO : 144 ) 
3 ' - GGUACAAAAAUCUCCGGUAUGGGUACA - 5 ' ( SEQ ID NO : 342 ) 
AAT - 1408 Target : 5 ' - CCATGTTTTTAGAGGCCATACCCATGT - 3 ' ( SEQ ID NO : 540 ) 

5 ' - UGUUUUUAGAGGCCAUACCCAUGTC - 3 ' ( SEQ ID NO : 145 ) 
3 ' - GUACAAAAAUCUCCGGUAUGGGUACAG - 5 ' ( SEQ ID NO : 343 ) 
AAT - 1409 Target : 5 ' - CATGTTTTTAGAGGCCATACCCATGTC - 3 ' ( SEQ ID NO : 541 ) 

5 ' - GUUUUUAGAGGCCAUACCCAUGUct - 3 ' ( SEQ ID NO : 146 ) 
3 ' - UACAAAAAUCUCCGGUAUGGGUACAGA - 5 ' ( SEQ ID NO : 344 ) 
AAT- 1410 Target : 5 ' - ATGTTTTTAGAGGCCATACCCATGTCT - 3 ' ( SEQ ID NO : 542 ) : 

5 ' - UUUUUAGAGGCCAUACCCAUGU?ta - 3 ' ( SEQ ID NO : 147 ) 
3 ' - ACAAAAAUCUCCGGUAUGGGUACAGAU - 5 ' ( SEQ ID NO : 345 ) 
AAT - 1411 Target : 5 ' - TGTTTTTAGAGGCCATACCCATGTCTA - 3 ' ( SEQ ID NO : 543 ) 
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5 ' - UUUUAGAGGCCAUACCCAUGUCUat - 3 ' ( SEQ ID NO : 148 ) 
3 ' - CAAAAAUCUCCGGUAUGGGUACAGAUA - 5 ' ( SEQ ID NO : 346 ) 
AAT - 1412 Target : 5 ' - GTTTTTAGAGGCCATACCCATGTCTAT - 3 ' ( SEQ ID NO : 544 ) : 

- 5 ' - UUUAGAGGCCAUACCCAUGUCUADC - 3 ' ( SEQ ID NO : 149 ) 
3 ' - AAAAAUCUCCGGUAUGGGUACAGAUAG - 5 ' ( SEQ ID NO : 347 ) 
AAT - 1413 Target : 5 ' - TTTTTAGAGGCCATACCCATGTCTATC - 3 ' ( SEQ ID NO : 545 ) 

5 ' - UUAGAGGCCAUACCCAUGUCUAUCC - 3 ' ( SEQ ID NO : 150 ) 
3 ' - AAAAUCUCCGGUAUGGGUACAGAUAGG - 5 ' ( SEQ ID NO : 348 ) 
AAT - 1414 Target : 5 ' - TTTTAGAGGCCATACCCATGTCTATCC - 3 ' ( SEQ ID NO : 546 ) 

5 ' - UAGAGGCCAUACCCAUGUCUAUCcC - 3 ' ( SEQ ID NO : 151 ) 
3 ' - AAAUCUCCGGUAUGGGUACAGAUAGGG - 5 ' ( SEQ ID NO : 349 ) 
AAT - 1415 Target : 5 ' - TTTAGAGGCCATACCCATGTCTATCCC - 3 ' ( SEQ ID NO : 547 ) 

5 ' - AGAGGCCAUACCCAUGUCUAUCCCC - 3 ' ( SEQ ID NO : 152 ) 
3 ' - AAUCUCCGGUAUGGGUACAGAUAGGGG - 5 ' ( SEQ ID NO : 350 ) 
AAT - 1416 Target : 5 ' - TTAGAGGCCATACCCATGTCTATCCCC - 3 ' ( SEQ ID NO : 548 ) 

5 ' - GUUCAACAAACCCUUUGUCUUCUta - 3 ' ( SEQ ID NO : 153 ) 
3 ' - UUCAAGUUGUUUGGGAAACAGAAGAAU - 5 ' ( SEQ ID NO : 351 ) 
AAT - 1452 Target : 5 ' - AAGTTCAACAAACCCTTTGTCTTCTTA - 3 ' ( SEQ ID NO : 549 ) 

5 ' - UUCAACAAACCCUUUGUCUUCUVaa - 3 ' ( SEQ ID NO : 154 ) 
3 ' - UCAAGUUGUUUGGGAAACAGAAGAAUU - 5 ' ( SEQ ID NO : 352 ) 
AAT - 1453 Target : 5 ' - AGTTCAACAAACCCTTTGTCTTCTTAA - 3 ' ( SEQ ID NO : 550 ) 

5 ' - UCAACAAACCCUUUGUCUUCUUAat - 3 ' ( SEQ ID NO : 155 ) 
3 ' - CAAGUUGUUUGGGAAACAGAAGAAUUA - 5 ' ( SEQ ID NO : 353 ) 
AAT - 1454 Target : 5 ' - GTTCAACAAACCCTTTGTCTTCTTAAT - 3 ' ( SEQ ID NO : 551 ) 

5 ' - CAACAAACCCUUUGUCUUCUUAAtg - 3 ' ( SEQ ID NO : 156 ) 
3 ' - AAGUUGUUUGGGAAACAGAAGAAUUAC - 5 ' ( SEQ ID NO : 354 ) 
AAT - 1455 Target : 5 ' - TTCAACAAACCCTTTGTCTTCTTAATG - 3 ' ( SEQ ID NO : 552 ) 

5 ' - AACAAACCCUUUGUCUUCUUAAUga - 3 ' ( SEQ ID NO : 157 ) 
3 ' - AGUUGUUUGGGAAACAGAAGAAUUACU - 5 ' ( SEQ ID NO : 355 ) 
AAT - 1456 Target : 5 ' - TCAACAAACCCTTTGTCTTCTTAATGA - 3 ' ( SEQ ID NO : 553 ) 

5 ' - ACAAACCCUUUGUCUUCUUAAUGat - 3 ' ( SEQ ID NO : 158 ) 
3 ' - GUUGUUUGGGAAACAGAAGAAUUACUA - 5 ' ( SEQ ID NO : 356 ) 
AAT - 1457 Target : 5 ' - CAACAAACCCTTTGTCTTCTTAATGAT - 3 ' ( SEQ ID NO : 554 ) 

5 ' - CAAACCCUUUGUCUUCUUAAUG?tt - 3 ' ( SEQ ID NO : 159 ) 
3 ' - UUGUUUGGGAAACAGAAGAAUUACUAA - 5 ' ( SEQ ID NO : 357 ) 
AAT - 1458 Target : 5 ' - AACAAACCCTTTGTCTTCTTAATGATT - 3 ' ( SEQ ID NO : 555 ) 

5 ' - AAACCCUUUGUCUUCUUAAUGAUtg - 3 ' ( SEQ ID NO : 160 ) 
3 ' - UGUUUGGGAAACAGAAGAAUUACUAAC - 5 ' ( SEQ ID NO : 358 ) 
AAT - 1459 Target : 5 ' - ACAAACCCTTTGTCTTCTTAATGATTG - 3 ' ( SEQ ID NO : 556 ) 

5 ' - AACCCUUUGUCUUCUUAAUGAUUga - 3 ' ( SEQ ID NO : 161 ) 
3 ' - GUUUGGGAAACAGAAGAAUUACUAACU - 5 ' ( SEQ ID NO : 359 ) 
AAT - 1460 Target : 5 ' - CAAACCCTTTGTCTTCTTAATGATTGA - 3 ' ( SEQ ID NO : 557 ) 

5 ' - AAUACCAAGUCUCCCCUCUUCAUgg - 3 ' ( SEQ ID NO : 162 ) 
3 ' - UUUUAUGGUUCAGAGGGGAGAAGUACC - 5 ' ( SEQ ID NO : 360 ) 
AAT - 1489 Target : 5 ' - AAAATACCAAGTCTCCCCTCTTCATGG - 3 ' ( SEQ ID NO : 558 ) 

5 ' - AUACCAAGUCUCCCCUCUUCAUGgg - 3 ' ( SEQ ID NO : 163 ) 
3 ' - UUUAUGGUUCAGAGGGGAGAAGUACCC - 5 ' ( SEQ ID NO : 361 ) 
AAT - 1490 Target : 5 ' - AAATACCAAGTCTCCCCTCTTCATGGG - 3 ' ( SEQ ID NO : 559 ) 

5 ' - UACCAAGUCUCCCCUCUUCAUGGga - 3 ' ( SEQ ID NO : 164 ) 
3 ' - UUAUGGUUCAGAGGGGAGAAGUACCCU - 5 ' ( SEQ ID NO : 362 ) 
AAT - 1491 Target : 5 ' - AATACCAAGTCTCCCCTCTTCATGGGA - 3 ' ( SEQ ID NO : 560 ) 

5 ' - ACCAAGUCUCCCCUCUUCAUGGGaa - 3 ' ( SEQ ID NO : 165 ) 
3 ' - UAUGGUUCAGAGGGGAGAAGUACCCUU - 5 ' ( SEQ ID NO : 363 ) 
AAT - 1492 Target : 5 ' - ATACCAAGTCTCCCCTCTTCATGGGAA - 3 ' ( SEQ ID NO : 561 ) : 

5 ' - CCAAGUCUCCCCUCUUCAUGGGAaa - 3 ' ( SEQ ID NO : 166 ) 
3 ' - AUGGUUCAGAGGGGAGAAGUACCCUUU - 5 ' ( SEQ ID NO : 364 ) 
AAT - 1493 Target : 5 ' - TACCAAGTCTCCCCTCTTCATGGGAAA - 3 ' ( SEQ ID NO : 562 ) 
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5 ' - CAAGUCUCCCCUCUUCAUGGGAAaa - 3 ' ( SEQ ID NO : 167 ) 
3 ' - UGGUUCAGAGGGGAGAAGUACCCUUUU - 5 ' ( SEQ ID NO : 365 ) 
AAT- 1494 Target : 5 ' - ACCAAGTCTCCCCTCTTCATGGGAAAA - 3 ' ( SEQ ID NO : 563 ) 

5 ' - AAGUCUCCCCUCUUCAUGGGAAAag - 3 ' ( SEQ ID NO : 168 ) 
3 ' - GGUUCAGAGGGGAGAAGUACCCUUUUC - 5 ' ( SEQ ID NO : 366 ) 
AAT - 1495 Target : 5 ' - CCAAGTCTCCCCTCTTCATGGGAAAAG - 3 ' ( SEQ ID NO : 564 ) 

5 ' - AGUCUCCCCUCUUCAUGGGAAAAgt - 3 ' ( SEQ ID NO : 169 ) 
3 ' - GUUCAGAGGGGAGAAGUACCCUUUUCA - 5 ' ( SEQ ID NO : 367 ) 
AAT - 1496 Target : 5 ' - CAAGTCTCCCCTCTTCATGGGAAAAGT - 3 ' ( SEQ ID NO : 565 ) 

5 ' - GUCUCCCCUCUUCAUGGGAAAAGTg - 3 ' ( SEQ ID NO : 170 ) 
3 ' - UUCAGAGGGGAGAAGUACCCUUUUCAC - 5 ' ( SEQ ID NO : 368 ) 
AAT - 1497 Target : 5 ' - AAGTCTCCCCTCTTCATGGGAAAAGTG - 3 ' ( SEQ ID NO : 566 ) 

5 ' - CUCCCCUCUUCAUGGGAAAAGUGgt - 3 ' ( SEQ ID NO : 171 ) 
3 ' - CAGAGGGGAGAAGUACCCUUUUCACCA - 5 ' ( SEQ ID NO : 369 ) 
AAT - 1499 Target : 5 ' - GTCTCCCCTCTTCATGGGAAAATGGT - 3 ' ( SEQ ID NO : 567 ) 

5 ' - CCCCUCUUCAUGGGAAAAGUGGUga - 3 ' ( SEQ ID NO : 172 ) 
3 ' - GAGGGGAGAAGUACCCUUUUCACCACU - 5 ' ( SEQ ID NO : 370 ) 
AAT - 1501 Target : 5 ' - CTCCCCTCTTCATGGGAAAAGTGGTGA - 3 ' ( SEQ ID NO : 568 ) 

5 ' - CCCUCUUCAUGGGAAAAGUGGUGaa - 3 ' ( SEQ ID NO : 173 ) 
3 ' - AGGGGAGAAGUACCCUUUUCACCACUU - 5 ' ( SEQ ID NO : 371 ) 
AAT - 1502 Target : 5 ' - TCCCCTCTTCATGGGAAAAGTGGTGAA - 3 ' ( SEQ ID NO : 569 ) 

5 ' - CCUCUUCAUGGGAAAAGUGGUGAat - 3 ' ( SEQ ID NO : 174 ) 
3 ' - GGGGAGAAGUACCCUUUUCACCACUUA - 5 ' ( SEQ ID NO : 372 ) 
AAT - 1503 Target : 5 ' - CCCCTCTTCATGGGAAAAGTGGTGAAT - 3 ' ( SEQ ID NO : 570 ) 

5 ' - CUCUUCAUGGGAAAAGUGGUGAATC - 3 ' ( SEQ ID NO : 175 ) 
3 ' - GGGAGAAGUACCCUUUUCACCACUUAG - 5 ' ( SEQ ID NO : 373 ) 
AAT - 1504 Target : 5 ' - CCCTCTTCATGGGAAAAGTGGTGAATC - 3 ' ( SEQ ID NO : 571 ) 

5 ' - UCUUCAUGGGAAAAGUGGUGAAUCC - 3 ' ( SEQ ID NO : 176 ) 
31 - GGAGAAGUACCCUUUUCACCACUUAGG - 5 ' ( SEQ ID NO : 374 ) 
AAT - 1505 Target : 5 ' - CCTCTTCATGGGAAAAGTGGTGAATCC - 3 ' ( SEQ ID NO : 572 ) 

5 ' - CUUCAUGGGAAAAGUGGUGAAUCCC - 3 ' ( SEQ ID NO : 177 ) 
3 ' - GAGAAGUACCCUUUUCACCACUUAGGG - 5 ' ( SEQ ID NO : 375 ) 
AAT - 1506 Target : 5 ' - CTCTTCATGGGAAAAGTGGTGAATCCC - 3 ' ( SEQ ID NO : 573 ) 

5 ' - UUCAUGGGAAAAGUGGUGAAUCCca - 3 ' ( SEQ ID NO : 178 ) 
3 ' - AGAAGUACCCUUUUCACCACUUAGGGU - 5 ' ( SEQ ID NO : 376 ) 
AAT - 1507 Target : 5 ' - TCTTCATGGGAAAAGTGGTGAATCCCA - 3 ' ( SEQ ID NO : 574 ) : 

5 ' - UCAUGGGAAAAGUGGUGAAUCCCac - 3 ' ( SEQ ID NO : 179 ) 
3 ' - GAAGUACCCUUUUCACCACUUAGGGUG - 5 ' ( SEQ ID NO : 377 ) 
AAT - 1508 Target : 5 ' - CTTCATGGGAAAAGTGGTGAATCCCAC - 3 ' ( SEQ ID NO : 575 ) : 

5 ' - CAUGGGAAAAGUGGUGAAUCCCACC - 3 ' ( SEQ ID NO : 180 ) 
3 ' - AAGUACCCUUUUCACCACUUAGGGUGG - 5 ' ( SEQ ID NO : 378 ) 
AAT - 1509 Target : 5 ' - TTCATGGGAAAAGTGGTGAATCCCACC - 3 ' ( SEQ ID NO : 576 ) : 

5 ' - AUGGGAAAAGUGGUGAAUCCCACCC - 3 ' ( SEQ ID NO : 181 ) 
3 ' - AGUACCCUUUUCACCACUUAGGGUGGG - 5 ' ( SEQ ID NO : 379 ) 
AAT - 1510 Target : 5 ' - TCATGGGAAAAGTGGTGAATCCCACCC - 3 ' ( SEQ ID NO : 577 ) 

5 ' - UGGGAAAAGUGGUGAAUCCCACCca - 3 ' ( SEQ ID NO : 182 ) 
3 ' - GUACCCUUUUCACCACUUAGGGUGGGU - 5 ' ( SEQ ID NO : 380 ) 
AAT - 1511 Target : 5 ' - CATGGGAAAAGTGGTGAATCCCACCCA - 3 ' ( SEQ ID NO : 578 ) 

5 ' - GGGAAAAGUGGUGAAUCCCACCCaa - 3 ' ( SEQ ID NO : 183 ) 
3 ' - UACCCUUUUCACCACUUAGGGUGGGUU - 5 ' ( SEQ ID NO : 381 ) 
AAT - 1512 Target : 5 ' - ATGGGAAAATGGTGAATCCCACCCAA - 3 ' ( SEQ ID NO : 579 ) 

5 ' - GGAAAAGUGGUGAAUCCCACCCAaa - 3 ' ( SEQ ID NO : 184 ) 
3 ' - ACCCUUUUCACCACUUAGGGUGGGUUU - 5 ' ( SEQ ID NO : 382 ) 
AAT - 1513 Target : 5 ' - TGGGAAAAGTGGTGAATCCCACCCAAA - 3 ' ( SEQ ID NO : 580 ) : 

5 ' - GAAAAGUGGUGAAUCCCACCCAAaa - 3 ' ( SEQ ID NO : 185 ) 
3 ' - CCCUUUUCACCACUUAGGGUGGGUUUU - 5 ' ( SEQ ID NO : 383 ) 
AAT - 1514 Target : 5 ' - GGGAAAAGTGGTGAATCCCACCCAAAA - 3 ' ( SEQ ID NO : 581 ) 
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5 ' - AAAAGUGGUGAAUCCCACCCAAAaa - 3 ' ( SEQ ID NO : 186 ) 
3 ' - CCUUUUCACCACUUAGGGUGGGUUUUU - 5 ' ( SEQ ID NO : 384 ) 
AAT - 1515 Target : 5 ' - GGAAAAGTGGTGAATCCCACCCAAAAA - 3 ' ( SEQ ID NO : 582 ) 

5 ' - AAAGUGGUGAAUCCCACCCAAAAat - 3 ' ( SEQ ID NO : 187 ) 
3 ' - CUUUUCACCACUUAGGGUGGGUUUUUA - 5 ' ( SEQ ID NO : 385 ) 
AAT - 1516 Target : 5 ' - GAAAAGTGGTGAATCCCACCCAAAAAT - 3 ' ( SEQ ID NO : 583 ) 

5 ' - AAGUGGUGAAUCCCACCCAAAAAta - 3 ' ( SEQ ID NO : 188 ) 
3 ' - UUUUCACCACUUAGGGUGGGUUUUUAU - 5 ' ( SEQ ID NO : 386 ) 
AAT - 1517 Target : 5 ' - AAAAGTGGTGAATCCCACCCAAAAATA - 3 ' ( SEQ ID NO : 584 ) 

5 ' - CGAUAGUUCAAAAUGGUGAAAUUag - 3 ' ( SEQ ID NO : 189 ) 
3 ' - AAGCUAUCAAGUUUUACCACUUUAAUC - 5 ' ( SEQ ID NO : 387 ) 
AAT - 2872 Target : 5 ' - TTCGATAGTTCAAAATGGTGAAATTAG - 3 ' ( SEQ ID NO : 585 ) : 

5 ' - CAAAAUGGUGAAAUUAGCAAUUCta - 3 ' ( SEQ ID NO : 190 ) 
3 ' - AAGUUUUACCACUUUAAUCGUUAAGAU - 5 ' ( SEQ ID NO : 388 ) 
AAT - 2880 Target : 5 ' - TTCAAAATGGTGAAATTAGCAATTCTA - 3 ' ( SEQ ID NO : 586 ) : 

5 ' - UUGGUAUGAUGUUCAAGUUAGAUaa - 3 ' ( SEQ ID NO : 191 ) 
3 ' - UCAACCAUACUACAAGUUCAAUCUAUU - 5 ' ( SEQ ID NO : 389 ) 
AAT - 3167 Target : 5 ' - AGTTGGTATGATGTTCAAGTTAGATAA - 3 ' ( SEQ ID NO : 587 ) 

5 ' - GGUAUGAUGUUCAAGUUAGAUAAca - 3 ' ( SEQ ID NO : 192 ) 
3 ' - AACCAUACUACAAGUUCAAUCUAUUGU - 5 ' ( SEQ ID NO : 390 ) 
AAT - 3169 Target : 5 ' - TTGGTATGATGTTCAAGTTAGATAACA - 3 ' ( SEQ ID NO : 588 ) 

5 ' - GUAUGAUGUUCAAGUUAGAUAACaa - 3 ' ( SEQ ID NO : 193 ) 
3 ' - ACCAUACUACAAGUUCAAUCUAUUGUU - 5 ' ( SEQ ID NO : 391 ) 
AAT - 3170 Target : 5 ' - TGGTATGATGTTCAAGTTAGATAACAA - 3 ' ( SEQ ID NO : 589 ) 

5 ' - AUGAUGUUCAAGUUAGAUAACAAaa - 3 ' ( SEQ ID NO : 194 ) 
3 ' - CAVACUACAAGUUCAAUCUAUUGUUUU - 5 ' ( SEQ ID NO : 392 ) 
AAT - 3172 Target : 5 ' - GTATGATGTTCAAGTTAGATAACAAAA - 3 ' ( SEQ ID NO : 590 ) : 

5 ' - AUGUUCAAGUUAGAUAACAAAAUgt - 3 ' ( SEQ ID NO : 195 ) 
3 ' - ACUACAAGUUCAAUCUAUUGUUUUACA - 5 ' ( SEQ ID NO : 393 ) 
AAT - 3175 Target : 5 ' - TGATGTTCAAGTTAGATAACAAAATGT - 3 ' ( SEQ ID NO : 591 ) 

5 ' - CAAGUUAGAUAACAAAAUGUUUAta - 3 ' ( SEQ ID NO : 196 ) 
3 ' - AAGUUCAAUCUAUUGUUUUACAAAAU - 5 ' ( SEQ ID NO : 394 ) 
AAT - 3180 Target : 5 ' - TTCAAGTTAGATAACAAAATGTTTATA - 3 ' ( SEQ ID NO : 592 ) 

5 ' - AAGUUAGAUAACAAAAUGUUUAUWC - 3 ' ( SEQ ID NO : 197 ) 
3 ' - AGUUCAAUCUAUUGUUUUACAAAUAUG - 5 ' ( SEQ ID NO : 395 ) 
AAT - 3181 Target : 5 ' - TCAAGTTAGATAACAAAATGTTTATAC - 3 ' ( SEQ ID NO : 593 ) 

5 ' - AGUUAGAUAACAAAAUGUUUAUACC - 3 ' ( SEQ ID NO : 198 ) 
3 ' - GUUCAAUCUAUUGUUUUACAAAUAUGG - 5 ' ( SEQ ID NO : 396 ) 
AAT - 3182 Target : 5 ' - CAAGTTAGATAACAAAATGTTTATACC - 3 ' ( SEQ ID NO : 594 ) 

TABLE 3 

1 Selected Human Anti - a - 1 antitrypsin DsiRNAs , Unmodified Duplexes 
( Asymmetrics ) 

5 ' - CAUCCCACCAUGAUCAGGAUCACCC - 3 ' ( SEQ ID NO : 595 ) 
3 ' - AUGUAGGGUGGUACUAGUCCUAGUGGG - 5 ' ( SEQ ID NO : 199 ) 
AAT - 395 Target : 5 ' - TACATCCCACCATGATCAGGATCACCC - 3 ' ( SEQ ID NO : 397 ) 

5 ' - CAGCUGGCACACCAGUCCAACAGCA - 3 ' ( SEQ ID NO : 596 ) 
3 ' - CGGUCGACCGUGUGGUCAGGUUGUCGU - 5 ' ( SEQ ID NO : 200 ) 
AAT - 475 Target : 5 ' - GCCAGCTGGCACACCAGTCCAACAGCA - 3 ' ( SEQ ID NO : 398 ) 

5 ' - GCUGGCACACCAGUCCAACAGCACC - 3 ' ( SEQ ID NO : 597 ) 
3 ' - GUCGACCGUGUGGUCAGGUUGUCGUGG - 5 ' ( SEQ ID NO : 201 ) 
AAT - 477 Target : 5 ' - CAGCTGGCACACCAGTCCAACAGCACC - 3 ' ( SEQ ID NO : 399 ) 

5 ' - GGCACACCAGUCCAACAGCACCAAU - 3 ' ( SEQ ID NO : 598 ) 
3 ' - GACCGUGUGGUCAGGUUGUCGUGGUUA - 5 ' ( SEQ ID NO : 202 ) 
AAT - 480 Target : 5 ' - CTGGCACACCAGTCCAACAGCACCAAT - 3 ' ( SEQ ID NO : 400 ) 
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5 ' - GCACACCAGUCCAACAGCACCAAUA - 3 ' ( SEQ ID NO : 599 ) 
3 ' - ACCGUGUGGUCAGGUUGUCGUGGUUAU - 5 ' ( SEQ ID NO : 203 ) 
AAT - 481 Target : 5 ' - TGGCACACCAGTCCAACAGCACCAATA - 3 ' ( SEQ ID NO : 401 ) 

5 ' - CACACCAGUCCAACAGCACCAAUAU - 3 ' ( SEQ ID NO : 600 ) 
3 ' - CCGUGUGGUCAGGUUGUCGUGGUUAUA - 5 ' ( SEQ ID NO : 204 ) 
AAT - 482 Target : 5 ' - GGCACACCAGTCCAACAGCACCAATAT - 3 ' ( SEQ ID NO : 402 ) 

5 ' - ACACCAGUCCAACAGCACCAAUAUC - 3 ' ( SEQ ID NO : 601 ) 
3 ' - CGUGUGGUCAGGUUGUCGUGGUUAUAG - 5 ' ( SEQ ID NO : 205 ) 
AAT - 483 Target : 5 ' - GCACACCAGTCCAACAGCACCAATATC - 3 ' ( SEQ ID NO : 403 ) 

5 ' - CACCAGUCCAACAGCACCAAUAUCU - 3 ' ( SEQ ID NO : 602 ) 
3 ' - GUGUGGUCAGGUUGUCGUGGUUAUAGA - 5 ' ( SEQ ID NO : 206 ) 
AAT - 484 Target : 5 ' - CACACCAGTCCAACAGCACCAATATCT - 3 ' ( SEQ ID NO : 404 ) 

5 ' - CCAAUAUCUUCUUCUCCCCAGUGAG - 3 ' ( SEQ ID NO : 603 ) 
31 - GUGGUUAUAGAAGAAGAGGGGUCACUC - 5 ' ( SEQ ID NO : 207 ) 
AAT - 500 Target : 5 ' - CACCAATATCTTCTTCTCCCCAGTGAG - 3 ' ( SEQ ID NO : 405 ) 

5 ' - CAAUAUCUUCUUCUCCCCAGUGAGC - 3 ' ( SEQ ID NO : 604 ) 
3 ' - UGGUUAUAGAAGAAGAGGGGUCACUCG - 5 ' ( SEQ ID NO : 208 ) 
AAT - 501 Target : 5 ' - ACCAATATCTTCTTCTCCCCAGTGAGC - 3 ' ( SEQ ID NO : 406 ) 

5 ' - AAUAUCUUCUUCUCCCCAGUGAGCA - 3 ' ( SEQ ID NO : 605 ) 
3 ' - GGUUAUAGAAGAAGAGGGGUCACUCGU - 5 ' ( SEQ ID NO : 209 ) 
AAT - 502 Target : 5 ' - CCAATATCTTCTTCTCCCCAGTGAGCA - 3 ' ( SEQ ID NO : 407 ) 

5 ' - AUAUCUUCUUCUCCCCAGUGAGCAU - 3 ' ( SEQ ID NO : 606 ) 
3 ' - GUUAUAGAAGAAGAGGGGUCACUCGUA - 5 ' ( SEQ ID NO : 210 ) 
AAT - 503 Target : 5 ' - CAATATCTTCTTCTCCCCAGTGAGCAT - 3 ' ( SEQ ID NO : 408 ) 

5 ' - UAUCUUCUUCUCCCCAGUGAGCAUC - 3 ' ( SEQ ID NO : 607 ) 
3 ' - UUAUAGAAGAAGAGGGGUCACUCGUAG - 5 ' ( SEQ ID NO : 211 ) 
AAT - 504 Target : 5 ' - AATATCTTCTTCTCCCCAGTGAGCATC - 3 ' ( SEQ ID NO : 409 ) 

5 ' - AUCUUCUUCUCCCCAGUGAGCAUCG - 3 ' ( SEQ ID NO : 608 ) 
3 ' - UAUAGAAGAAGAGGGGUCACUCGUAGC - 5 ' ( SEQ ID NO : 212 ) 
AAT - 505 Target : 5 ' - ATATCTTCTTCTCCCCAGTGAGCATCG - 3 ' ( SEQ ID NO : 410 ) 

5 ' - UCUUCUUCUCCCCAGUGAGCAUCGC - 3 ' ( SEQ ID NO : 609 ) 
3 ' - AUAGAAGAAGAGGGGUCACUCGUAGCG - 5 ' ( SEQ ID NO : 213 ) 
AAT - 506 Target : 5 ' - TATCTTCTTCTCCCCAGTGAGCATCGC - 3 ' ( SEQ ID NO : 411 ) 

5 ' - CUUCUUCUCCCCAGUGAGCAUCGCU - 3 ' ( SEQ ID NO : 610 ) 
3 ' - UAGAAGAAGAGGGGUCACUCGUAGCGA - 5 ' ( SEQ ID NO : 214 ) 
AAT - 507 Target : 5 ' - ATCTTCTTCTCCCCAGTGAGCATCGCT - 3 ' ( SEQ ID NO : 412 ) 

5 ' - UUCUUCUCCCCAGUGAGCAUCGCUA - 3 ' ( SEQ ID NO : 611 ) 
3 ' - AGAAGAAGAGGGGUCACUCGUAGCGAU - 5 ' ( SEQ ID NO : 215 ) 
AAT - 508 Target : 5 ' - TCTTCTTCTCCCCAGTGAGCATCGCTA - 3 ' ( SEQ ID NO : 413 ) 

5 ' - UCUUCUCCCCAGUGAGCAUCGCUAC - 3 ' ( SEQ ID NO : 612 ) 
3 ' - GAAGAAGAGGGGUCACUCGUAGCGAUG - 5 ' ( SEQ ID NO : 216 ) 
AAT - 509 Target : 5 ' - CTTCTTCTCCCCAGTGAGCATCGCTAC - 3 ' ( SEQ ID NO : 414 ) 

5 ' - CUUCUCCCCAGUGAGCAUCGCUACA - 3 ' ( SEQ ID NO : 613 ) 
3 ' - AAGAAGAGGGGUCACUCGUAGCGAUGU - 5 ' ( SEQ ID NO : 217 ) 
AAT - 510 Target : 5 ' - TTCTTCTCCCCAGTGAGCATCGCTACA - 3 ' ( SEQ ID NO : 415 ) 

5 ' - UCUCCCCAGUGAGCAUCGCUACAGC - 3 ' ( SEQ ID NO : 614 ) 
3 ' - GAAGAGGGGUCACUCGUAGCGAUGUCG - 5 ' ( SEQ ID NO : 218 ) 
AAT - 512 Target : 5 ' - CTTCTCCCCAGTGAGCATCGCTACAGC - 3 ' ( SEQ ID NO : 416 ) 

5 ' - CUCCCCAGUGAGCAUCGCUACAGCC - 3 ' ( SEQ ID NO : 615 ) 
3 ' - AAGAGGGGUCACUCGUAGCGAUGUCGG - 5 ' ( SEQ ID NO : 219 ) 
AAT - 513 Target : 5 ' - TTCTCCCCAGTGAGCATCGCTACAGCC - 3 ' ( SEQ ID NO : 417 ) 

5 ' - CCCCAGUGAGCAUCGCUACAGCCUU - 3 ' ( SEQ ID NO : 616 ) 
3 ' - GAGGGGUCACUCGUAGCGAUGUCGGAA - 5 ' ( SEQ ID NO : 220 ) 
AAT - 515 Target : 5 ' - CTCCCCAGTGAGCATCGCTACAGCCTT - 3 ' ( SEQ ID NO : 418 ) 

5 ' - ACAGCCUUUGCAAUGCUCUCCCUGG - 3 ' ( SEQ ID NO : 617 ) 
3 ' - GAUGUCGGAAACGUUACGAGAGGGACC - 5 ' ( SEQ ID NO : 221 ) 
AAT - 532 Target : 5 ' - CTACAGCCTTTGCAATGCTCTCCCTGG - 3 ' ( SEQ ID NO : 419 ) 
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5 ' - UGCAAUGCUCUCCCUGGGGACCAAG - 3 ' ( SEQ ID NO : 618 ) 
3 ' - AAACGUUACGAGAGGGACCCCUGGUUC - 5 ' ( SEQ ID NO : 222 ) 
AAT - 540 Target : 5 ' - TTTGCAATGCTCTCCCTGGGGACCAAG - 3 ' ( SEQ ID NO : 420 ) 

5 ' - AAACCUGGAGGGCCUGAAUUUCAA - 3 ' ( SEQ ID NO : 619 ) 
3 ' - ACUUUAGGACCUCCCGGACUUAAAGUU - 5 ' ( SEQ ID NO : 223 ) 
AAT - 581 Target : 5'- TGAAATCCTGGAGGGCCTGAATTTCAA - 3 ' ( SEQ ID NO : 421 ) 

5 ' - AACCUGGAGGGCCUGAAUUUCAAC - 3 ' ( SEQ ID NO : 620 ) 
31 - CUUUAGGACCUCCCGGACUUAAAGUUG - 5 ' ( SEQ ID NO : 224 ) 
AAT - 582 Target : 5 ' - GAAATCCTGGAGGGCCTGAATTTCAAC - 3 ' ( SEQ ID NO : 422 ) 

5 ' - AUCCUGGAGGGCCUGAAUUUCAACC - 3 ' ( SEQ ID NO : 621 ) 
3 ' - UUUAGGACCUCCCGGACUUAAAGUUGG - 5 ' ( SEQ ID NO : 225 ) 
AAT - 583 Target : 5 ' - AAATCCTGGAGGGCCTGAATTTCAACC - 3 ' ( SEQ ID NO : 423 ) 

5 ' - CCUGGAGGGCCUGAAUUUCAACCUC - 3 ' ( SEQ ID NO : 622 ) 
3 ' - UAGGACCUCCCGGACUUAAAGUUGGAG - 5 ' ( SEQ ID NO : 226 ) 
AAT - 585 Target : 5 ' - ATCCTGGAGGGCCTGAATTTCAACCTC - 3 ' ( SEQ ID NO : 424 ) 

5 ' - CUGGAGGGCCUGAAUUUCAACCUCA - 3 ' ( SEQ ID NO : 623 ) 
31 - AGGACCUCCCGGACUUAAAGUUGGAGU - 5 ' ( SEQ ID NO : 227 ) 
AAT - 586 Target : 5 ' - TCCTGGAGGGCCTGAATTTCAACCTCA - 3 ' ( SEQ ID NO : 425 ) 

5 ' -UGGAGGGCCUGAAUUUCAACCUCAC - 3 ' ( SEQ ID NO : 624 ) 
3 ' - GGACCUCCCGGACUUAAAGUUGGAGUG - 5 ' ( SEQ ID NO : 228 ) 
AAT - 587 Target : 5 ' - CCTGGAGGGCCTGAATTTCAACCTCAC - 3 ' ( SEQ ID NO : 426 ) 

5 ' - CAUGAAGGCUUCCAGGAACUCCUCC - 3 ' ( SEQ ID NO : 625 ) 
3 ' - AGGUACUUCCGAAGGUCCUUGAGGAGG - 5 ' ( SEQ ID NO : 229 ) 
AAT - 634 Target : 5 ' - TCCATGAAGGCTTCCAGGAACTCCTCC - 3 ' ( SEQ ID NO : 427 ) 

5 ' - GAAGGCUUCCAGGAACUCCUCCGUA - 3 ' ( SEQ ID NO : 626 ) 
3 ' - UACUUCCGAAGGUCCUUGAGGAGGCAU - 5 ' ( SEQ ID NO : 230 ) 
AAT - 637 Target : 5 ' - ATGAAGGCTTCCAGGAACTCCTCCGTA - 3 ' ( SEQ ID NO : 428 ) 

5 ' - AAGGCUUCCAGGAACUCCUCCGUAC - 3 ' ( SEQ ID NO : 627 ) 
3 ' - ACUUCCGAAGGUCCUUGAGGAGGCAUG - 5 ' ( SEQ ID NO : 231 ) 
AAT - 638 Target : 5 ' - TGAAGGCTTCCAGGAACTCCTCCGTAC - 3 ' ( SEQ ID NO : 429 ) 

5 ' - AGCCAGACAGCCAGCUCCAGCUGAC - 3 ' ( SEQ ID NO : 628 ) 
3 ' - GGUCGGUCUGUCGGUCGAGGUCGACUG - 5 ' ( SEQ ID NO : 232 ) 
AAT - 671 Target : 5 ' - CCAGCCAGACAGCCAGCTCCAGCTGAC - 3 ' ( SEQ ID NO : 430 ) 

5 ' - CCAGACAGCCAGCUCCAGCUGACCA - 3 ' ( SEQ ID NO : 629 ) 
3 ' - UCGGUCUGUCGGUCGAGGUCGACUGGU - 5 ' ( SEQ ID NO : 233 ) 
AAT - 673 Target : 5 ' - AGCCAGACAGCCAGCTCCAGCTGACCA - 3 ' ( SEQ ID NO : 431 ) 

5 ' - AGACAGCCAGCUCCAGCUGACCACC - 3 ' ( SEQ ID NO : 630 ) 
3 ' - GGUCUGUCGGUCGAGGUCGACUGGUGG - 5 ' ( SEQ ID NO : 234 ) 
AAT - 675 Target : 5 ' - CCAGACAGCCAGCTCCAGCTGACCACC - 3 ' ( SEQ ID NO : 432 ) 

5 ' - GACAGCCAGCUCCAGCUGACCACCG - 3 ' ( SEQ ID NO : 631 ) 
3 ' - GUCUGUCGGUCGAGGUCGACUGGUGGC - 5 ' ( SEQ ID NO : 235 ) 
AAT - 676 Target : 5 ' - CAGACAGCCAGCTCCAGCTGACCACCG - 3 ' ( SEQ ID NO : 433 ) 

5 ' - UAGUGGAUAAGUUUUUGGAGGAUGU - 3 ' ( SEQ ID NO : 632 ) 
31 - CGAUCACCUAUUCAAAAACCUCCUACA - 5 ' ( SEQ ID NO : 236 ) 
AAT- 734 Target : 5 ' - GCTAGTGGATAAGTTTTTGGAGGATGT - 3 ' ( SEQ ID NO : 434 ) 

5 ' - AGUGGAUAAGUUUUUGGAGGAUGUU - 3 ' ( SEQ ID NO : 633 ) 
3 ' - GAUCACCUAUUCAAAAACCUCCUACAA - 5 ' ( SEQ ID NO : 237 ) 
AAT - 735 Target : 5 ' - CTAGTGGATAAGTTTTTGGAGGATGTT - 3 ' ( SEQ ID NO : 435 ) 

5 ' - GUGGAUAAGUUUUUGGAGGAUGUUA - 3 ' ( SEQ ID NO : 634 ) 
3 ' - AUCACCUAUUCAAAAACCUCCUACAAU - 5 ' ( SEQ ID NO : 238 ) 
AAT- 736 Target : 5 ' - TAGTGGATAAGTTTTTGGAGGATGTTA - 3 ' ( SEQ ID NO : 436 ) 

5 ' - UGGAUAAGUUUUUGGAGGAUGUUAA - 3 ' ( SEQ ID NO : 635 ) 
3 ' - UCACCUAUUCAAAAACCUCCUACAAUU - 5 ' ( SEQ ID NO : 239 ) 
AAT - 737 Target : 5 ' - AGTGGATAAGTTTTTGGAGGATGTTAA - 3 ' ( SEQ ID NO : 437 ) : 

5 ' - GGAUAAGUUUUUGGAGGAUGUUAAA - 3 ' ( SEQ ID NO : 636 ) 
3 ' - CACCUAUUCAAAAACCUCCUACAAUUU - 5 ' ( SEQ ID NO : 240 ) 
AAT - 738 Target : 5 ' - GTGGATAAGTTTTTGGAGGATGTTAAA - 3 ' ( SEQ ID NO : 438 ) : 
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5 ' - GAUAAGUUUUUGGAGGAUGUUAAAA - 3 ' ( SEQ ID NO : 637 ) 
3 ' - ACCUAUUCAAAAACCUCCUACAAUUUU - 5 ' ( SEQ ID NO : 241 ) 
AAT - 739 Target : 5'- TGGATAAGTTTTTGGAGGATGTTAAAA - 3 ' ( SEQ ID NO : 439 ) 

5 ' - AUAAGUUUUUGGAGGAUGUUAAAAA - 3 ' ( SEQ ID NO : 638 ) 
31 - CCUAUUCAAAAACCUCCUACAAUUUUU - 5 ' ( SEQ ID NO : 242 ) 
AAT - 740 Target : 5 ' - GGATAAGTTTTTGGAGGATGTTAAAAA - 3 ' ( SEQ ID NO : 440 ) 

5 ' -UGUACCACUCAGAAGCCUUCACUGU - 3 ' ( SEQ ID NO : 639 ) 
3 ' - CAACAUGGUGAGUCUUCGGAAGUGACA - 5 ' ( SEQ ID NO : 243 ) 
AAT - 767 Target : 5 ' - GTTGTACCACTCAGAAGCCTTCACTGT - 3 ' ( SEQ ID NO : 441 ) 

5 ' - GUACCACUCAGAAGCCUUCACUGUC - 3 ' ( SEQ ID NO : 640 ) 
3 ' - AACAUGGUGAGUCUUCGGAAGUGACAG - 5 ' ( SEQ ID NO : 244 ) 
AAT - 768 Target : 5'- TTGTACCACTCAGAAGCCTTCACTGTC - 3 ' ( SEQ ID NO : 442 ) 

5 ' - ACUCAAGGGAAAAUUGUGGAUUUGG - 3 ' ( SEQ ID NO : 641 ) 
3 ' - CAUGAGUUCCCUUUUAACACCUAAACC - 5 ' ( SEQ ID NO : 245 ) 
AAT - 850 Target : 5 ' - GTACTCAAGGGAAAATTGTGGATTTGG - 3 ' ( SEQ ID NO : 443 ) 

5 ' - CUCAAGGGAAAAUUGUGGAUUUGGU - 3 ' ( SEQ ID NO : 642 ) 
3 ' - AUGAGUUCCCUUUUAACACCUAAACCA - 5 ' ( SEQ ID NO : 246 ) 
AAT - 851 Target : 5'- TACTCAAGGGAAAATTGTGGATTTGGT - 3 ' ( SEQ ID NO : 444 ) 

5 ' - UCAAGGGAAAAUUGUGGAUUUGGUC - 3 ' ( SEQ ID NO : 643 ) 
3 ' - UGAGUUCCCUUUUAACACCUAAACCAG - 5 ' ( SEQ ID NO : 247 ) 
AAT - 852 Target : 5 ' - ACTCAAGGGAAAATTGTGGATTTGGTC - 3 ' ( SEQ ID NO : 445 ) 

5 ' - CAAGGGAAAAUUGUGGAUUUGGUCA - 3 ' ( SEQ ID NO : 644 ) 
3 ' - GAGUUCCCUUUUAACACCUAAACCAGU - 5 ' ( SEQ ID NO : 248 ) 
AAT - 853 Target : 5 ' - CTCAAGGGAAAATTGTGGATTTGGTCA - 3 ' ( SEQ ID NO : 446 ) 

5 ' - AAGGGAAAAUUGUGGAUUUGGUCAA - 3 ' ( SEQ ID NO : 645 ) 
31 - AGUUCCCUUUUAACACCUAAACCAGUU - 5 ' ( SEQ ID NO : 249 ) 
AAT - 854 Target : 5 ' - TCAAGGGAAAATTGTGGATTTGGTCAA - 3 ' ( SEQ ID NO : 447 ) 

5 ' - AGGGAAAAUUGUGGAUUUGGUCAAG - 3 ' ( SEQ ID NO : 646 ) 
3 ' - GUUCCCUUUUAACACCUAAACCAGUUC - 5 ' ( SEQ ID NO : 250 ) 
AAT - 855 Target : 5'- CAAGGGAAAATTGTGGATTTGGTCAAG - 3 ' ( SEQ ID NO : 448 ) 

5 ' - GGGAAAAUUGUGGAUUUGGUCAAGG - 3 ' ( SEQ ID NO : 647 ) 
3 ' - UUCCCUUUUAACACCUAAACCAGUUCC - 5 ' ( SEQ ID NO : 251 ) 
AAT - 856 Target : 5 ' - AAGGGAAAATTGTGGATTTGGTCAAGG - 3 ' ( SEQ ID NO : 449 ) 

5 ' - GGAAAAUUGUGGAUUUGGUCAAGGA - 3 ' ( SEQ ID NO : 648 ) 
31 - UCCCUUUUAACACCUAAACCAGUUCCU - 5 ' ( SEQ ID NO : 252 ) 
AAT - 857 Target : 5 ' - AGGGAAAATTGTGGATTTGGTCAAGGA - 3 ' ( SEQ ID NO : 450 ) 

5 ' - GAAAAUUGUGGAUUUGGUCAAGGAG - 3 ' ( SEQ ID NO : 649 ) 
3 ' - CCCUUUUAACACCUAAACCAGUUCCUC - 5 ' ( SEQ ID NO : 253 ) 
AAT - 858 Target : 5 ' - GGGAAAATTGTGGATTTGGTCAAGGAG - 3 ' ( SEQ ID NO : 451 ) 

5 ' - AAAAUUGUGGAUUUGGUCAAGGAGC - 3 ' ( SEQ ID NO : 650 ) 
3 ' - CCUUUUAACACCUAAACCAGUUCCUCG - 5 ' ( SEQ ID NO : 254 ) 
AAT - 859 Target : 5 ' - GGAAAATTGTGGATTTGGTCAAGGAGC - 3 ' ( SEQ ID NO : 452 ) 

5 ' - AAAUUGUGGAUUUGGUCAAGGAGCU - 3 ' ( SEQ ID NO : 651 ) 
3 ' - CUUUUAACACCUAAACCAGUUCCUCGA - 5 ' ( SEQ ID NO : 255 ) 
AAT - 860 Target : 5 ' - GAAAATTGTGGATTTGGTCAAGGAGCT - 3 ' ( SEQ ID NO : 453 ) 

5 ' - AAUUGUGGAUUUGGUCAAGGAGCUU - 3 ' ( SEQ ID NO : 652 ) 
3 ' - UUUUAACACCUAAACCAGUUCCUCGAA - 5 ' ( SEQ ID NO : 256 ) 
AAT - 861 Target : 5 ' - AAAATTGTGGATTTGGTCAAGGAGCTT - 3 ' ( SEQ ID NO : 454 ) 

5 ' - AUUGUGGAUUUGGUCAAGGAGCUUG - 3 ' ( SEQ ID NO : 653 ) 
3 ' - UUUAACACCUAAACCAGUUCCUCGAAC - 5 ' ( SEQ ID NO : 257 ) 
AAT - 862 Target : 5 ' - AAATTGTGGATTTGGTCAAGGAGCTTG - 3 ' ( SEQ ID NO : 455 ) 

5 ' - UUGUGGAUUUGGUCAAGGAGCUUGA - 3 ' ( SEQ ID NO : 654 ) 
3 ' - UUAACACCUAAACCAGUUCCUCGAACU - 5 ' ( SEQ ID NO : 258 ) 
AAT - 863 Target : 5 ' - AATTGTGGATTTGGTCAAGGAGCTTGA - 3 ' ( SEQ ID NO : 456 ) 

5 ' - UGUGGAUUUGGUCAAGGAGCUUGAC - 3 ' ( SEQ ID NO : 655 ) 
3 ' - UAACACCUAAACCAGUUCCUCGAACUG - 5 ' ( SEQ ID NO : 259 ) 
AAT - 864 Target : 5 ' - ATTGTGGATTTGGTCAAGGAGCTTGAC - 3 ' ( SEQ ID NO : 457 ) 












































































































































































































































